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Burgeoning concerns over environmental degradation have greatly amplified the role of 
environmental economics and the valuation of non-pecuniary environmental resources as 
tools of analysis to facilitate the design of policies. However, existing valuation methods, 
for the most part, have proven to be unreliable and ambiguous guides to public resource 
allocation decisions and damage compensation. This thesis offers instead a ‘damage 
schedule approach’. Damage schedules are pre-established fixed schedules of damage 
awards, sanctions, prohibitions, remedies as well as other allocative guides and incentives 
on which damage assessments are based upon. 
 
Damage schedules offer numerous advantages over most current post-incident economic 
valuation methods. One such advantage is predictability by stipulating damage awards and 
remedies ex-ante instead of judging the damage ex-post, which will lead to more effective 
and efficient deterrence incentives. Ex-ante damage schedules should also result in a more 
equal treatment of similar damages, unlike present ex-post valuations which frequently 
yield variable assessments of similar damages. Enforceability of sanctions will be easier 
too. Once the liability is established, one simply needs to ‘foretell’ the economic loss or 
consequence from the pre-determined damage schedule, implying that the using damage 
schedules should be less costly than engaging in current practices as prolonged, costly and 
litigious adjudication are averted. Moreover, no new assessments are required for new 
occurrences as the schedule can be expanded through interpolation and extrapolation from 
formerly assigned damages. Furthermore, damage schedules allows the general public to 
become involved in public allocation decisions since the damage schedule approach is 
able to incorporate the inputs of both laymen and experts. Based on these advantages, the 
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damage schedule approach appears to be a serious contender in the domain of 
environmental valuation. 
 
This thesis seeks to develop damage schedules based on scales of relative importance 
translated from both experts’ and laymen’s judgments about values of various 
environmental resources and particular changes in their quality and provision in Singapore 
and Bangkok. Our findings illustrated the immense potential of the damage schedule 
approach in environmental valuation. Firstly, consistent judgments can be elicited without 
any reference to monetary values. As such, it is not subjected to the empirical 
inequivalence of stated willingness-to-pay (WTP) and stated willingness-to-accept (WTA) 
(Knetsch, 1988). A fairly high degree of agreement is also found among all respondents in 
their respective cities. Moreover, intransitive responses do not significantly influence the 
final rankings of importance. Finally, our results conclude that both expert and lay 
preferences should be factored into the valuation of environmental goods.  
 
Another objective is to find out if the yearly budgetary amount allocated by the 
government for maintaining a certain environmental provision is sufficient. For both 
cities, most respondents share the perception that the various allocated monetary amounts 
for maintaining the environmental quality is insufficient. Thus, we conclude that the 
Singapore and Bangkok community feel that not enough public funds have been 
channeled into maintaining the environmental quality in their cities. Finally, we observe 






Burgeoning concerns over environmental degradation have greatly amplified the role of 
environmental economics and the valuation of non-pecuniary environmental resources as 
tools of analysis to facilitate the design of policies. To date, however, most environmental 
valuation methods have proven to be unreliable, ambiguous and contentious as a guide to 
public resource allocations and damage compensation. The thesis offers instead a ‘damage 
schedule approach’. Damage schedules are pre-established fixed schedules of damage 
awards, sanctions, prohibitions, remedies as well as other allocative guides and incentives 
on which damage assessments are based upon. 
 
Damage schedules offer numerous advantages over most current post-incident economic 
valuation methods. One such advantage is predictability by stipulating damage or 
compensation awards and remedies ex-ante instead of judging the damage ex-post. In turn, 
this ex-ante information can lead to more effective and efficient deterrence incentives 
because parties responsible for potential environmental damages or resource losses are 
now more aware of the penalties involved, thereby causing them to be more vigilant in 
their planning and embark on appropriate levels of precaution. Enforceability of sanctions 
will also prove to be much easier. If the liability can be established in any particular case, 
one simply needs to ‘foretell’ the economic loss or consequence from the pre-determined 
damage schedule. In the same light, using damage schedules should be less costly than 
engaging in current practices. One reason is that prolonged, costly and litigious 
adjudication are averted. Moreover, there is no need for new assessments and challenges 
for the occurrence of new events or incidents as the schedule can be expanded through 
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interpolation and extrapolation from formerly assigned damages. Ex-ante damage 
schedules should also result in a more equal treatment of similar damages, unlike present 
ex-post valuations which frequently yield variable assessments of similar damages. 
Furthermore, damage schedules based on community valuations of environmental 
resources provide a channel for the general public to become involved in environmental 
resource management and pollution control. Since such schedules are developed from 
judgments of importance elicited from laymen and experts, the damage schedule approach 
actually incorporates these inputs of the community into public allocation decisions which 
is more likely to be endorsed by a larger group of residents and thus more successfully 
implemented. Based on these advantages, the damage schedule approach appears to be a 
serious contender in the domain of environmental valuation. 
 
This thesis attempts to develop damage schedules based on scales of relative importance 
translated from people’s judgments about values of various environmental damages in the 
urbanized cities of Singapore and Bangkok. It also seeks to empirically assess the 
applicability of such schedules in these two cities. Damage schedules base damage 
assessments on a pre-determined fixed schedule of values to guide environmental resource 
allocations and to determine damage or compensation awards. It is a non-monetary 
valuation approach as individuals are only required to indicate their preferences and 
values about environmental goods in consideration without any reference to monetary 
values of any kind. Therefore, it is not subjected to problems such as the empirical 
inequivalence of stated willingness-to-pay (WTP) and stated willingness-to-accept (WTA) 
(Knetsch, 1988). To elicit consistent judgments of relative environmental importance, the 
method of paired comparison is used as the underlying methodology of our surveys. 
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Another objective of this study is to find out if the yearly budgetary amount allocated by 
the government for maintaining a certain environmental provision is sufficient. 
 
The variance stable rank method (Dunn-Rankin, 1983) is applied to the paired comparison 
responses to obtain the scale values as well as the importance of rankings. Nonparametric 
statistical tests of significance are used to determine the level of agreement among survey 
respondents. Coupled with the degree of correspondence between expert and lay 
respondent groups, the number of relative importance scales necessary to adequately 
represent the responses from all respondents can be established. The final step will be to 
translate the scales of relative environmental importance into environmental damage 
schedules. 
 
The next chapter reviews a selection of related literature and outlines the various existing 
damage or compensation schedules. The methodology adopted for this study and its 
application based on Singapore and Bangkok is presented in Chapter Three. Results of the 
empirical analysis as well as a cross-comparison between the Singapore and Bangkok 
damage schedules is carried out in Chapter Four, with Chapter Five providing concluding 
remarks as well as a discussion of possible limitations and corresponding suggestions 

















2.1 Damage Schedules 
The focus of environmental policy and management issues has been mainly on the 
economic value of changes in environmental resources and amenities that are consistent 
with community preferences and objectives. As a result, much emphasis is directed at the 
monetary valuations of their degradation or differences in their provision (Chuenpagdee et 
al, 2001). However, present valuation methods and assessment practices cannot provide 
reliable estimates for the economic value of changes in the provision of environmental 
goods and services. 
 
An alternative to current methods is to base damage assessments on a pre-established 
fixed schedule that can be made to reflect community preferences such that most of the 
benefits of more limited and problematic monetary assessments may be captured with 
minimal cost (Knetsch, 1998). In addition, there appears to be an intuitive appeal in 
damage schedules not found in other alternatives. Not only do these schedules exist in 
various forms but they also have been widely utilized and applied in many other areas. 
Hence, damage or compensation schedules are objects of familiarity. They also seem to 
provide a widely accepted basis for actions in circumstances whereby monetary values or 
other indicators of community values are not readily apparent, costly to produce, or 
problematic (Knetsch, 1998). 
 
Though damage schedules may not be a new concept, interest in it has certainly been 
rekindled for a new area, i.e. valuation for non-pecuniary environmental assets, as a more 
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reliable and less costly alternative to the prevalent contingent valuation (CV) method 
typically plagued with problems such as anchoring bias and embedding effect. 
 
Section 2.2 looks into some examples of existing damage or compensation schedules 
while Section 2.3 explores some recent applications of the damage schedule approach. 
 
2.2 Some Examples of Damage Schedules 
At present, damage or compensation schedules come in various forms and have been 
extensively used in dealing with non-pecuniary losses or damages. One area is in workers’ 
compensation schedules. Other existing applications of damage schedules include damage 
schedules for tort reforms and environmental value schedules (Rutherford et al, 1998, 
Brown, 1988, Bovbjerg et al, 1989, Halter and Thomas, 1982). 
 
2.2.1 Workers’ Compensation Schedules 
The amount of compensation that can be claimed by employees for permanent workplace 
injuries varies with the level of severity specified in a predetermined workers’ 
compensation schedule. In the event of a permanent workplace injury, the value of the 
injury in question will typically not be assessed as employees are guaranteed “no-fault” 
administrative recovery of compensation for not only economic losses such as lost wages 
and medical expenses but also, implicitly, for non-pecuniary losses such as pain and 
suffering. 
 
However, Rutherford et al (1998) warned that workers’ compensation schedules are very 
much, in principle, designed to compensate pecuniary or economic losses implying that a 
direct comparison with non-pecuniary environmental damage schedules is not possible. 
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On the other hand, it was argued that the wide acceptance of these workers’ compensation 
schedules might potentiate the set-up of monetary damage awards for losses that are 
generally regarded to be exceptionally difficult to value based on the relative importance 
of losses. Finally, it is believed that the benefits derived from “predictability, efficiency 
and dependability” will outweigh the inherent accuracy of such compensation schemes 
based on perceptions of average losses when applied to unique circumstances. 
 
2.2.2 Damage Schedules for Tort Reforms 
Schedules of personal injury losses have also been extended to torts in several areas, for 
instance, no-fault compensation for non-pecuniary losses as a part of no-fault car 
insurance schemes in Canada and New Zealand. However, the impairment in question 
must be objectively determined in order for the appropriate no-fault compensation award 
to take place. The key reason is that uncertainty and disputes (hence, costs) can be 
minimized. Nonetheless, an important note to make is that the relative pain and agony will 
reflect, to some extent, the degree of impairment (Brown, 1988). 
 
Tort reform in the United States has been triggered by the high transaction costs of 
assessment and recovery as well as the excessive variability of jury-determined 
compensation awards for non-pecuniary damage. As Bovbjerg et al (1989) puts it, 
“[d]etermination of awards on an ad hoc and unpredictable basis, especially for ‘non-
economic’ losses, also tends to subvert the credibility of awards and hinder the efficient 
operation of the tort law’s deterrence function”.1 Bovbjerg et al (1989) propose three 
                                                
1 It must be noted that juries in the United States make value judgments for personal injury pain and 
suffering losses in the absence of expert evidence or past references. On the other hand, expert value 
testimony is permitted for the case of environmental losses/damages, thereby encouraging economists the 
urgent need to value environmental losses/damages. 
 7
alternatives in a bid to reduce the variability of personal injury awards as well as to 
standardise these non-economic personal injury awards. One such proposition includes the 
specification of a fixed damage schedule for non-economic losses. This proposition (as 
well as the other two proposed alternatives) hopes to ensure a more just, predictable and 
less costly compensation scheme for personal injuries. However, it is likely that a portion 
of the variability in jury awards be partly due to the problem of making monetary 
assessments of non-economic values, a fixed damage schedule based on past values may 
in fact institutionalise errors instead of advancing towards an accurate representation of 
the actual values (Bovbjerg et al, 1989). Hence, if there exists difficulty in expressing non-
pecuniary losses in monetary terms, a damage schedule established using judgments of 
relative importance is a far more superior tool of assessment than one which is established 
upon past values. In New Zealand, personal injury damage schedules have taken a step 
further, displacing common law rights of action. In place of it is a statutory compensation 
scheme which includes a compensation schedule for non-pecuniary losses. 
 
2.2.3 Environmental Value Schedules 
Damage schedules with the aim of standardizing natural resource damage assessments and 
reducing costs of assessment have been predominant in the United States. Many states are 
found to have adopted pre-established damage schedules based on formal replacement 
cost2 calculations or on informal replacement cost tables. Such damage schedules, charged 
on a per organism basis, allow for easier, more effective, and less expensive post-incident 
damage assessments (Rutherford et al, 1998). 
                                                
2 This measure is the cost of providing a replacement that would generate an equivalent flow of goods and 




Some fifteen years ago, a survey (Halter and Thomas, 1982) revealed that nine U.S. states 
adopted damage schedules on the basis of formally computed replacement costs while 
another thirteen states relied on replacement cost tables as informal guides for post-
incident damage assessments. In addition, this survey found that some jurisdictions did not 
rely on the use of replacement cost but instead, establish arbitrary monetary charges. On 
the other extreme, some states employed more extensive measures of value (compared to 
replacement cost) to enact pre-established charges for environmental harms. An example 
of this can be found in Texas where species are ranked according to “a set of eight criteria 
of value”. The rankings are subsequently translated to “a monetary liquidated damages 
scale”. Damage schedules for environmental losses such as oil or other harmful liquid 
spills attempt to “quantify and standardize the expected damage from a given spill in a 
given area”. Thus the damages in a given schedule are specified “in terms of the type and 
volume of liquid spilled and the type of environment affected” (Rutherford et al, 1998). 
Meanwhile, efforts are made to incorporate non-pecuniary values into the assessment. The 
Washington’s Pre-assessment Screening and Oil Spill Compensation Schedule Rule is one 
example of a volume-based damage valuation schedule. This schedule makes use of scores 
of relative importance in damage assessments with a greater focus placed on physical and 
biological importance rather than on social importance. As such, it “may not fully reflect 
how the public would weigh the different losses within each category” (Rutherford et al, 
1998). 
 
In summary, many existing applications of environmental damage schedules specify 
compensation or damage awards based on the following: replacement or restoration cost; 
openly arbitrary monetary sums; estimates derived from contingent valuation studies or 
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other valuation methods; judgments of physical and biological importance by different 
interest groups. However, the pre-determined compensation figures set up using these 
above approaches are either problematic or limited in their applications to environmental 
value assessments. 
 
2.3 Recent Applications of the Damage Schedule Approach 
In view of the limited applicability of the environmental damage schedules discussed in 
the preceding section, Rutherford et al (1998) suggested that a damage schedule based on 
consistent judgments of environmental importance may be capable of providing more 
accurate and acceptable indicators of community values if such judgments can be elicited 
directly from the public. In particular, survey respondents are made to choose between 
pairs of non-pecuniary environmental losses whereby the results are then used to construct 
an interval scale of relative importance of these losses which can be developed into an 
interim damage schedule. Fifty-two graduates were given a questionnaire whereby four 
different environmental losses resulting from oil spills were presented in pairs. For any 
given pair, respondents were required to select the loss which they feel would warrant a 
greater sum of compensation. A brief hypothetical description of each spill site and the 
relative magnitude of three characteristics of resource vulnerability were given. Though 
hypothetical, these oil spill settings facilitated the assigning of approximate numerical 
rankings. To simplify and standardize oil spill and habitat description, factors such as size 
of oil spill, oil type, season, dissipation time and effect on commercial and recreational 
fisheries were held constant. This is intended to provide respondents with sufficient 
information to make informed choices. Included were descriptions of spill sites to help 
invoke intrinsic feelings. For the same reason, vulnerability rankings were described as 
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‘high, low or medium’ rather than in quantitative terms. Also, in order to invoke a sense of 
loss as well as to elicit non-use values and use values, the spills were further described as 
“damage to publicly owned locations”. The majority of the respondents made consistent 
choices between all the pairs presented, implying that rational and consistent choices can 
be made among such non-pecuniary losses (Rutherford et al, 1998). This method of 
assessing environmental harms or resource losses is termed as the damage schedule 
approach where the underlying methodology of the approach is the paired comparison 
method. As this is still a fairly new approach in the area of environmental valuation, only 
a handful of relevant literature is available.  
 
Chuenpagdee (1998) investigated the applicability of two kinds of damage schedules, that 
is, a loss schedule and an activity schedule, in two coastal areas of Thailand. In an attempt 
to assess the relationship between the most important resource loss and the most important 
damaging activity, the correlation of the two schedules was examined. Two different 
groups of respondents were studied, namely formal experts and lay experts3. The results 
showed a significant agreement among respondents, both in the total sample and in all 
sub-groups, in the rankings of importance of resource losses and activities. The scale 
values and rankings were insensitive to the level of intransitivity4. Overall, her study 
showed that meaningful scales of relative importance of resource losses and impacting 
activities could be obtained based on people’s judgments. When losses of different 
magnitudes occur over time, adjustments can be made to these schedules through 
interpolation or extrapolation of the initial scale values. Damage schedules are relatively 
                                                
3 One would almost certainly expect a divergence of opinions between the formal experts and the laymen, 
which raises the concern of which group is a better reflection of community perspectives of the relative 
importance of various resource losses. This concern will be addressed in Chapter 3.  
4 The issue of intransitivity will be examined in Chapter 3. 
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faster and less costly to develop, compared to current valuation methods. To a large 
extent, the efficacy of the damage schedule hinges on its utilization by policy-makers as 
guides for their decision-making process on environmental resources (Chuenpagdee, 
1998). Other works that explored the damage schedule framework as an “analytical 
protocol to assess communities’ valuations of environmental resources” reiterated the 
applicability of damage schedules in obtaining a set of consistent and reliable value 
estimates of community judgments of relative environmental importance (Chuenpagdee et 
al, 2001, 2001b). 
 
Choa (2002) tested for the empirical feasibility of developing an environmental loss 
schedule for different environmental problems in Singapore. The four environmental 
problems for comparison are polluted air, ozone depletion, degradation of coastal and 
marine environmental and unhygienic environment. A simple random sample of one 
hundred respondents was taken. Similar to the three studies cited above, a high level of 
agreement was found among respondents and intransitivity was deemed to be negligible, 
implying that consistent community judgments of relative environmental importance can 
be elicited without any reference to monetary values. The findings from all these studies 
underline the immense potential of the damage schedule approach in environmental 
damage assessment. 
 
In the next chapter, we will look into the methodology of the damage schedule framework 
as well as apply the approach to two cities with similar environmental problems, namely, 
Singapore and Bangkok. Concerns about intransitivity of preferences and sample 




METHODOLOGY AND APPLICATION 
 
3.1 Methodologies for the Damage Schedule Approach 
The efficacy and advantage of extensive use of damage schedules is heavily dependent on 
the extent to which pre-determined damage awards and sanctions evidently reflect changes 
in social welfare associated with the change in environmental quality; hence a damage 
schedule will undeniably be a more effective valuation scheme if consistent relative 
judgments of environmental importance can be elicited so as to provide “more accurate 
and acceptable indicators of community preferences” (Rutherford et al, 1998, 
Chuenpagdee et al, 2001). 
  
At present, various rating techniques are available to evaluate community preferences and 
choices. The one used in our surveys here is a simple and promising technique known as 
the method of paired comparison which is a well-established psychometric method for 
ordering preferences among the elements of a choice set.  Hence, it is no mere coincidence 
that the damage schedules developed by Rutherford et al (1998), Chuenpagdee (1998) and 
Chuenpagdee et al (2001, 2001b), Choa (2002) drew on this method to derive scales of 
relative environmental importance. This method will be further discussed in the next two 
sections.  
 
Another potential and popular rating technique is known as conjoint analysis which 
involves the “decomposition into part-worth utilities or values of a set of individual 
evaluations of, or discrete choices from, a designed set of multi-attribute alternatives” 
(Louviere, 1988). Such a technique, widely used in marketing research, rests on the basis 
that consumers value a product or service by combining the value provided by every 
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attribute of the product or service5. There are three main presentation methods used in 
conjoint analysis – trade-off, full-profile and pair-wise comparison methods. The trade-off 
approach requires respondents to compare between two attributes at a time and rank the 
various combinations of attributes in descending order of preference. Hence, this method 
is more usually referred to as the ‘two-factor-at-a-time’ approach.  The full-profile method 
makes use of the complete set of attributes and is thus more representative of real choice 
scenarios. The third method of presentation is the pair-wise comparison method which is a 
combination of the full-profile and trade-off methods. This method involves the evaluation 
of pairs of stimulus at a time but unlike the full-profile method, does not contain all 
attributes in general. The pair-wise comparison method is similar to that of the two-factor-
at-a-time approach except that the pair-wise method compares between pairs of product 
profiles consisting of particular levels of various attributes while the two-factor-at-a-time 
approach compares between pairs of individual attributes.  
 
As the name suggests, the pair-wise comparison method in conjoint analysis would appear 
to be no different from the method of paired comparison which is utilised as the 
underlying survey methodology for our two studies. Therefore, to differentiate between 
the two, the pair-wise comparison method in conjoint analysis will thereafter be referred 
to as ‘pair-wise conjoint tasks’ while the method of paired comparison will remain as 
aforementioned. Indeed the mechanics of the pair-wise conjoint tasks is identical to the 
method of paired comparison, given that both compare between pairs of stimuli which are 
                                                
5 The underlying assumption here is that the source of a consumer’s utility is given by the attributes that a 
good possesses. Moreover, most conjoint studies assume that the true underlying utility specification is 
additive which means that the total utility of the good in question attained by each respondent is simply the 
sum of the part-worth utilities of each attribute. The implication is that the attribute impact on total utility is 
independent of the influence of other attributes, that is, no cross interactions between attributes. Note also 
that the part-worth utility is the marginal utility of the attribute in the respondent’s ranking of the conjoint 
stimuli. 
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characteristically described. The difference between the two lies in that for the pair-wise 
conjoint tasks, the respondent will be required to indicate how much more the chosen 
stimulus is preferred over the other stimulus while the method of paired comparison does 
not require that kind of indication. This is due to the fact that the main outcome of 
conjoint analysis is to estimate the part-worth utilities of the various attributes that make 
up the conjoint stimuli. However, in our case, we are interested in the relative importance 
of various environmental provisions and not the relative importance of attributes. This is 
one of the reasons why the method of paired comparison is preferred as the underlying 
methodology of the damage schedule approach. 
 
Furthermore, the descriptions of the environmental provisions in our surveys are construed 
in such a way that they take after some form of a basic definition for an improvement in 
environmental provision. Therefore, it does not really fit into the procedure of conjoint 
analysis as the stimuli are not described in terms of attribute-levels. Next, the theory of 
consumer utility is the foundation on which conjoint analysis is built upon which implies 
that conjoint analysis will be fraught with the usual assumptions of consumer theory. In 
addition, the utility specification is almost always assumed to be additive, suggesting that 
there is no cross interaction effects which may not be true in this case as inter-related 
functions which cannot be casually decomposed do exist between environmental goods. 
On the other hand, the method of paired comparison can be applied to more general 
behavioural choice settings where well-understood behavioural theories and models are 
not amenable. Lastly, the method of paired comparison allows for intransitivities to be 
detected as we cannot expect all respondents to be consistent in their preferences. 
Consequently, this allows the impact of intransitivity to be explored (refer to Section 3.3). 
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However, it seems that pair-wise conjoint analysis does not make any allowance for the 
detection of intransitive choices. Hence, based on the above reasons, the method of paired 
comparison is deemed to be a more appropriate methodology for the damage schedule 
approach. 
 
3.2 Method of Paired Comparison 
The paired comparison method is used primarily in cases where subjective relative 
judgments are called upon to compare between objects (David, 1988). The method 
involves presenting a given set of objects independently in pairs as binary choices to each 
respondent. The set of objects could be gains, losses, environmental resources or whatever 
is being compared. If the choice set does not contain too many objects, all possible pairs 
can be presented to each respondent. The total number of all possible pairs of k objects is 
( ) 21−kk . 
 
Note that a simple ordinal ranking of all objects may be preferred when the comparison of 
these objects simultaneously can be easily achieved. However, when the differences 
between objects are subtle, it is desirable to make the comparison between the pair as free 
as possible from any extraneous influences caused by the presence of other objects. Thus, 
the method of paired comparison offers certain advantages when a fine judgment is called 
for. Nonetheless, pair-wise ranking can only be done quickly when differences between 
objects are fairly obvious. Otherwise, the process of ranking requires in practice many 
repeated pair-wise comparisons of tentative neighbours before a reasonable ordering can 
be established.  In these circumstances, pair-wise ranking becomes not viable, “nor is it 
 16
necessarily possible to achieve a wholly satisfactory ranking”, especially if there are too 
many objects (David, 1988). 
 
An advantage of the paired comparison procedure is that repeated measures for each 
object in the choice set is obtained, implying that its responses should be more reliable 
than the single-point estimates obtained by the CV method. Besides, the method of paired 
comparison has proven to be capable of producing robust value estimates with respect to 
the context of the choice set and scope of the good in question (Champ and Loomis, 
1998). Brown et al (2002) also tested for context effects but did not find them to be 
significant. This marks the validity and viability of the paired comparison method as 
compared to the standard CV method which tends to be heavily confounded by context 
(Randall et al, 1981) and scope (embedding) effects (Kahneman and Knetsch, 1992, 
Desvousges et al, 1993).  Moreover, the type of competing resources in the choice bundle 
can be varied accordingly “to make the respondent aware of the policy relevant trade-offs” 
(Loomis et al, 1998). In addition, the ensuing scale of measurement is interval, indicating 
that differences but not ratios between values are significant (for example, 60 – 40 = 40 – 
20, but 40/20 is not twice as important) and that a scale value of zero does not represent a 
complete absence of value or importance. In other words, an item assigned a scale value of 
‘0’ cannot be translated as a ‘no value’ item, implying that the zero on an interval scale is 
not a ‘true zero’ point. A good example of an interval scale is the Celsius temperature 
scale where 0 degrees Celsius does not mean that there is ‘no temperature’. Finally, the 
paired comparison method allows for numerous judgments by each respondent which 




Pair-wise comparisons between different objects in the choice set can reveal inconsistent 
choices as circular triads, that is, XZYX fff  where ‘f ’ means ‘strictly preferred to’. 
If no circular triads are produced by the respondent’s choices, the result will be a perfect 
rank ordering of the objects. However, we cannot expect all the respondents to be 
perfectly consistent in their choices. Inconsistency may arise due to systematic intransitive 
choice, incompetence of the respondent, random choice in situations where the pairs are 
too close to compare or simply pure errors. Systematic intransitive choice is more 
probable when the objects for comparison are multidimensional such that the prominence 
of different characteristics may vary according to the pair of objects that is being 
compared (Kahneman et al, 1999). As for close calls, they occur when two objects are 
considered to be of equal or near equal importance such that one may be chosen over the 
other in some comparisons and vice versa at other times. The extreme case of close calls 
would be that of indifference which is indicated by an equal number of selections of each 
object in each pair.  
  
In a study to evaluate the transitivity axiom for the method of paired comparison, Peterson 
and Brown (1998) found that a large proportion of the circular triads in their data were due 
to close calls. As mentioned in Chapter 2, various studies (Chuenpagdee, 1998, 
Chuenpagdee et al, 2001, 2001b, Choa, 2002) have shown that intransitive responses have 
a negligible impact on the scale values and importance rankings. Choa (2002), in addition, 
observed that a large proportion of the inconsistent choices arise as a result of switching 
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behaviour on indifferent choices6 or random, careless mistakes and hence do not violate 
the transitivity axiom7. On the whole, these results highlighted that the primary cause of 
inconsistencies in paired comparison data appears to be close calls or indifference, rather 
than systematic intransitivity.  
 
3.4 Design and Application 
The damage schedule approach is carried out in Singapore and Bangkok in an attempt to 
develop an environmental damage schedule for each city. The Singapore study consists of 
a two-part paired comparison survey containing six questions in the first part and twenty 
in the second8. Similarly, the Bangkok study makes use of a two-part paired comparison 
survey with six questions in the first part and fifteen questions in the second9. In the first 
parts of both surveys, respondents are required to compare between various improvements 
in environmental provisions while in the second, pair-wise comparisons are made between 
each environmental improvement in the first part and five different monetary gains10. The 
four environmental improvements selected for comparison in the Singapore survey are 
reduction in solid and toxic wastes, reduction in air pollution, reduction in water pollution 
                                                
6 The reason for this belief is because the paired comparisons in Choa (2002) did not allow for ‘ties’ or 
‘indifference’.   
7 Choa (2002) made a distinction between systematic, repeatable intransitivity and non-systematic, non-
repeatable intransitivity in his definition of the transitivity axiom. Inconsistent responses were thus repeated 
at the end when all possible paired comparisons of the options have been asked so as to ascertain preference 
switches for inconsistent choices. When a respondent switched his choice at a repeat of his prior inconsistent 
response, it is assumed that the respondent could have been either indifferent (which was not an option) or 
careless, that is to say, the intransitivity is not repeatable and cannot be considered a violation of the 
transitivity axiom. The converse holds true. 
8 Refer to Appendix C. 
9 Refer to Appendix D where the English version of the Bangkok survey is appended. Note, however, that 
this is translated into Thai for the purpose of surveying in Bangkok. 
10 One of the five monetary gains represents the estimated annual per capita budget allocated for maintaining 
the particular environmental good. The other four amounts are varied according to this estimated annual per 
capita budgetary amount. The intention here is to find out whether the authorities are spending sensibly on 
the environment. 
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and increased efforts in conservation of nature and trees.11 The Bangkok survey comprises 
of nearly the same list of environmental improvements except that it has reduction in noise 
pollution in place of increased efforts in conservation of nature and trees. Hence, pair-wise 
comparisons between four options give rise to a total of 6 possible pairs for Part I of both 
surveys. Reduction in noise pollution for the Bangkok survey is omitted from the paired 
comparisons between environmental improvements and monetary gains as the per capita 
budget estimate spent on controlling noise pollution is a mere one Thai baht.12 As a result, 
only three environmental improvements are left to be each compared with five different 
monetary gains, yielding a total of 15 possible pairs for Part II of the Bangkok survey. No 
such exclusion is necessary for Part II of the Singapore version; hence a total of 20 
possible paired comparisons are generated. Each paired comparison is presented on a 
single sheet of A4 paper and respondents are required to make a choice even if they feel 
that the pair of environmental improvements is of equal importance (in other words, no 
ties are allowed)13. To control for sequence effects, the sequence of the paired comparison 
questions is randomized. The order of the environmental improvements in each question is 
also random so as to control for order effects. 
 
                                                
11 This is in line with the four main environmental issues (i.e. waste management, air pollution, water 
pollution and nature conservation) discussed in the Singapore Green Plan 2012. 
12 The exclusion of the pair-wise comparison between reduction in noise pollution and monetary gains is 
perfectly logical as one can always expect any rational respondent to choose reduction in noise pollution 
over one baht. 
13 ‘Ties’ or indifferent choices are not permissible in our surveys because of the belief that respondents 
might be lazy with close calls if allowed an indifference option, that is, to opt for indifference under 
circumstances where discernment of preference is possible, thereby reducing the amount of information 
collected (Peterson and Brown, 1998). In addition, the author feels that the probability of indifference is 
inversely related to the importance of decision-making. In other words, one is unlikely or cannot afford to be 
indifferent when it is imperative to have a preferred choice. It would thus be fair to claim in this case that 
choosing between alternative environmental improvements as well as between environmental improvements 
and monetary sums is of extremely high importance (since we are, in fact, trying to find out their relative 
importance) which would therefore sufficiently decrease the likelihood of indifference such that ‘ties’ or 
indifferent choices can be safely omitted. 
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Both surveys were targeted at two groups of individuals – experts (professionals) and 
laymen. Experts included academicians, administrators, consultants, engineers, 
government officials, managers and practitioners from the environmental authorities, local 
universities, environmental services companies and environmental non-profit 
organizations (NGOs) who are knowledgeable and experienced in various environmental 
concerns. The experts came from a variety of disciplines such as environmental sciences, 
engineering, law, economics, sociology and psychology. The rationale behind having the 
list of experts from various disciplines and different institutions is that we do not wish to 
bias the outcome in any way. Laymen simply mean the general public or people who are 
not professionally trained or specialized in any environmental discipline. A simple random 
sample of 110 and 57 lay respondents is taken for the Singapore and Bangkok survey 
respectively. The surveys complete with instructions are sent via electronic mail to the 
experts who have been personally approached and upon completion, the surveys would be 
returned either personally or via electronic mail. The lay respondents were surveyed on 
the spot individually with no prior arrangement. At any point in time during the course of 
the survey, the lay respondents are able to clarify with the investigator if any doubts arise. 
Several pre-tests were performed in order to fine-tune the procedures for the paired 
comparison exercises. From these pre-tests, revisions were made to the procedures and 
instructions until it was felt that the respondents were fully capable of understanding what 
is required of them. 
 
3.5 Expert versus Lay Judgments 
In the preceding section, two samples of respondents (experts and laymen) were chosen 
for the paired comparison surveys in order to establish preference judgments for the 
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environmental improvements. The motivation for doing this is to address the issue of 
sample representation of community preferences. On one hand, we have experts who are 
knowledgeable and experienced in environmental problems “but may weigh alternatives 
differently from other members of the community” and on the other, we have lay people 
who may more truly and accurately reflect perceptions of the community “but lack the 
knowledge and information necessary to make informed choices” (Rutherford et al, 1998). 
Studies spanning over a variety of disciplines such as risk assessments, environmental 
management, finance, decision research, political economy and law have been conducted 
in attempts to bridging the alleged divide between expert and lay judgments. In what 
follows below is a review of several such studies. 
 
3.5.1 Environmental and Resource Management 
Mahiri (1998) explored the knowledge frontiers between the experts and the locals in 
Nyando Division, Lisumu District, Kenya on environmental issues. A similar focus on 
sustainability of use of land resources exists between official policy and rural practice but 
they differ on scale of focus. Expert concerns lie with the management of wood resources 
to enhance conservation and sustainability at the national level. The local people, on the 
other hand, are more concerned about the use of wood and land resources in their daily 
livelihood. This relationship between the two forms the crux of diversion on attitudes 
towards sustainability. Experts tend to disregard the lack of applied knowledge when 
implementing policies on resource management. In stark contrast, locals possess a broad-
based knowledge of their immediate environment and its management through years of 
experience. This can be seen from the fact that experts usually engage themselves in 
prototype mono-cultural and specialized experimental projects, or ‘science’, while local 
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villagers are more concerned with what can satisfy their daily needs. Villagers engage in a 
wide range of purposive experiments unlike the obsessive record-keeping behaviour of 
experts. The obtrusive domination of knowledge by experts could result in the 
“intimidation” of the local people and inhibit the locals’ “free expression of knowledge 
and views in the presence of experts” which may severely undermine the rationality of 
local livelihood (Mahiri, 1998). 
 
Local knowledge is frequently adjusted to allow for damage control to minimize both 
environmental and social risks since they are amassed through adaptive practices (Utting, 
1993). Such knowledge is seldom formally documented in writings and thus cannot be 
classified as ‘science’. Science is also conceptualised based on “agreement between a 
group of people who have been given the power, or have taken it, to determine what is 
scientific” and what is not (Röling, 1994). Modern science has set apart an entire 
“worldview of humans from and above our natural world” (Mahiri, 1998). Societies 
heavily reliant on science have a tendency to overuse and oversimplify complex 
ecological systems, thereby bringing about a depletion of resources and degradation of the 
environment. Awareness of long-term changes in specific ecosystems “in which local 
knowledge has co-evolved” has always been seen wanting in scientists (Mitchell, 1997). 
However, to the extent that “only professional knowledge is real knowledge”, local 
knowledge is typically overlooked and held in contempt by professionals. Moreover, the 
local people have developed a mindset that environmental knowledge is an undivided 
domain of the experts. Such an illusion will elude a better understanding of the 
environment through “alternative and legitimate knowledge” provided by the locals 
(Leach and Mearns, 1996). 
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During the transects conducted with the experts, Mahiri (1998) observed that the experts 
often question one another on a disciplinary basis. Experts from various specializations 
presented different perspectives and solutions on problems faced by the local people based 
on their own scientific knowledge and understanding. This reflects the conflict of policy 
and practice in which how governments often offer solutions for “unknown or even non-
existent problems, displaying a failure to even attempt to understand local people or to 
discern their needs” (Mahiri, 1998). Evans (1991) also noted that the above conflict of 
policy and practice “often happens when programmes are initiated externally, using 
preconceived concepts to meet preconceived demands”. With the local people, the tone 
and response was very different even though similar lines of questioning were used. The 
locals tend to support one another’s views and most villagers made innovative suggestions 
on dealing with the environmental issues that exist. They were also able to substantiate 
their argument despite not already putting many of those suggestions into practice. In fact, 
many of these suggestions are based on ideas practically unknown to the experts. For 
instance, many bio resources have multi-functional purposes such as fencing homesteads, 
wind-breakers, boundary markers or even handy fuel wood source, which are little known 
to experts. There is thus a high demand to push for knowledge spillovers and support from 
both sides as well as a change in educating both experts and locals (Pretty and Chambers, 
1994).  
 
The knowledge interface summarized by Mahiri (1998) illustrated great differences in 
agricultural methods advocated between the two groups. Experts, having highly 
specialized theoretical knowledge with inadequate practicality, their approach have been 
mainly from an intellectual viewpoint. Owing to imperfect knowledge of land 
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management practice of the locals, the policy of transforming traditional subsistence 
farming to mechanized cash-cropping resulted in adverse environmental changes and 
disturbances to traditional practices, for example, an irrigation project had removed bushes 
only to realize that they were important fuel sources for the locals. Furthermore, the steady 
supply of water triggered off in-migration, adding undue pressure on the existing fuel 
wood sources and other amenities. 
 
In a nutshell, it was found that the expert group focused on discussing, analyzing and 
exchanging views on diverse environmental conditions which “encouraged relevant active 
debate and rapidly assembled agreed information” (Mahiri, 1998). The villagers were 
more forthcoming and freely expressed their ideas and knowledge in the absence of expert 
pressure and coercion. They were also relatively less opposing in their views and 
exhibited zest in relating their common knowledge of the environment. Unlike the 
theoretical experts, the villagers expressed a remarkable collection of “unexpected and 
specific environmental knowledge, some of which have yet to be empirically tested” by 
science which deserves special attention and further investigation (Mahiri, 1998). The 
need for convergence of environmental knowledge from both sides is critical for 
formulating more effective policies. The “villager-designed random tests” are 
complementary to expert knowledge to the extent that policy-makers should incorporate 
the “broad range of local skills, values and practices” into scientific and expert wisdom for 
more superior environmental management and policy formulation (Mahiri, 1998).   
 
3.5.2 Risk Assessments  
Lazo et al (2000) examined and compared the perceptions of lay people and ecologists 
with regards to ecosystem risks, in particular, risk from global climate change. Firstly, lay 
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people and experts were told to rate different risks (for example, nuclear plants, human 
diseases, sea level rise and so on) to ecosystems in a questionnaire. Results on mean 
ratings showed significant differences between the two groups. The greatest differences 
are on the ‘species loss’ and ‘animal/plant suffering scales’ which are the topics where 
objective insights may be expected of ecologists. Yet both groups agreed that such risks 
have ecosystem impacts and that they have little to gain (in terms of private benefit) from 
activities that affect ecosystems. It was noted that overall risk appears to be a composite of 
the amount of suffering induced and degree of adaptability of the ecosystem. The large 
number of high correlations between characteristics scales implies an “underlying 
cognitive structure” which is further analyzed using a factor analysis of scale inter-
correlations (Lazo et al, 2000).  
 
Standardized scoring coefficients were generated and used together with mean values of 
each scale for each risk to calculate factor scores for both expert and laymen samples. The 
first factor, which explains 36% of the sample variance and comprises of thirteen scales14, 
is defined as the ‘impacts factor’. Both experts and laymen perceive depletion of the ozone 
layer in atmosphere as having the largest impacts and fireplaces as the smallest impacts. 
Laymen perceive diseases as the second highest impact while experts perceive that to be 
loss of plant and animal species. One observation is that lay people perceive a smaller 
range of impacts (-1.61 to 1.93) than do experts (-2.23 to 1.80) and this finding is 
consistent across all four factors. The second factor, known as ‘avoidability/controllability 
                                                
14 The thirteen scales are: (1) number of people; (2) human health threat; (3) human suffering; (4) relevance 
to life; (5) scope of impacts; (6) how emotional; (7) duration of impacts; (8) species loss; (9) infringement 
on rights;  (10) how destructive; (11) animal/plant suffering; (12)media attention; and (13) how certain. 
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factor’, consists of four scales15. Both groups ranked volcanoes lowest, that is, least 
avoidable or controllable, and nuclear plants as the most avoidable or controllable. Human 
activities and technologies such as development of land, fireplaces, hunting of animals and 
mining were given high ratings by both groups – an indication that these are viewed upon 
as highly controllable. Many of the risks related to global climate change (GCC), for 
example, decreased rainfall, increased severity of storms, more intense hurricanes, 
extreme temperatures, increased rainfall, more cloudy days, more droughts and sea level 
rise, received a considerably low score on this factor for both groups, thus suggesting that 
both groups share the perception that GCC risks as largely uncontrollable and 
unavoidable. The third factor is labelled as the ‘acceptability factor’ which is made up of 
five scales16. Both lay people and experts consider loss of outdoor recreation to be the 
most acceptable, followed by travel and tourism. In addition, both groups agreed that 
potential loss of species is the least acceptable. On the whole, the factor scores point out 
that experts find risks to ecosystems more acceptable than laymen except for housing 
development, species loss, mining and sea level rise. The fourth and last factor, also 
comprising a total of five scales17, is called the ‘understandability factor’. Similar to the 
first factor, the lay people is found to have a much smaller range (-1.18 to 1.00) compared 
to the experts (-2.03 to 2.24). Both groups ranked more cloudy days as the least 
understandable factor. Experts rated volcanoes on the other extreme of the score sheet 
                                                
15 These four scales are: (1) how controllable; (2) regulatability of risk; (3) how avoidable; and (4) 
availability of alternatives. Note that two of the four scales here generate the largest variance for both lay 
people and experts. 
16 The five scales captured in this factor are: (1) goodness; (2) societal benefits; (3) how acceptable; (4) how 
adaptable; and (5) how ethical. 
17 These five scales are: (1) how observable; (2) predictability; (3) recognition of impacts; (4) timing of 
effects; and (5) understandability.  
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while lay people perceived the most understandable to be development of land for 
housing. 
 
Comparing the differences in factor scores between the two groups by calculating factor 
differences (that is, expert factor scores minus lay factor scores), it was realised that 10 of 
the 14 largest differences in factor scores came out of climate change risks, and that for 21 
out of 25 risks (84%), lay people had a higher score than experts for the impacts factor. 
These results suggest that laypeople seem to perceive a greater impact magnitude from 
ecosystem risks than experts do, and larger impacts from GCC risks than non-GCC risks. 
As for the avoidability/controllability factor, only 3 differences between expert and 
laypersons factor scores are positive, out of a possible total of 13 GCC risks. However, 9 
of the factor differences are found positive in the 12 non-GCC risks. This could be an 
indication that lay people rate GCC risks as relatively more controllable than non-GCC 
ones. Lazo et al (2000) attempted to explain the reason behind such a finding could boil 
down to the fact that lay people tend to perceive the direct impacts of non-GCC risks (with 
which they are more familiar) as less controllable. In truth, as Lazo et al (2000) points out, 
quite a few of the non-GCC risks are “localized, immediate and severe with respect to any 
particular ecosystem and thus may appear more difficult to avoid and control to the lay 
people”. For the acceptability factor, 85% (11 out of 13) of the factor differences for GCC 
risks are positive while a mere 50% (6 out of 12) of the factor differences for non-GCC 
risks are positive. This implies that experts tend to see GCC risks as more acceptable than 
non-GCC ones when compared to laymen. Lastly, for the understandability factor, 3 of the 
13 GCC risk differences and 7 out of 12 non-GCC risk differences between expert factor 
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scores and lay factor scores are positive, indicating that relative to laymen, experts 
consider GCC risks to be less understandable than non-GCC risks. 
 
Next, factor scores are plotted against one another for further analysis. Firstly, expert and 
lay factor scores by risk for impacts are plotted against avoidability. From this plot, the 
authors observed that lay people and experts see climate change risks as unavoidable but 
experts see smaller impacts for all other risks other than pesticides, topsoil loss, and loss 
of plant species. When the impacts factor is plotted against the acceptability factor, it can 
be observed that although all respondents perceive a range of impacts on ecosystems from 
climate change risks, they do not particularly label them as unacceptable. This is 
consistent with the finding from numerous public opinion polls that there is little public 
concern over global climate change compared to other societal issues which also indicates 
an inherent difficulty in establishing a consensus for policies to alleviate impacts of 
climate change on ecosystems (Lazo et al, 2000). 
 
Overall risk ratings are taken for both groups and lay people ranked ozone depletion as the 
top risk followed by loss of animal and plant species. Experts agreed on the loss of species 
by ranking it highest but the second spot went to development of land for housing (laymen 
ranked this sixth). Both groups have a tendency to rate events related to rain decrease or 
moisture as having higher risks than events involving moisture increases. An exception is 
the experts’ ranking of sea level rise as more risky than any other GCC risks other than 
desertification. This could be due to the fact that experts have the knowledge that 
desertification and sea level rise are parts of a larger process that will cause extensive risks 
to the ecosystems. Non-GCC risks rankings displayed notable differences between laymen 
and experts, for instance, land development is assigned a rank of 6 by laymen and 2 by 
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experts and mining is ranked 14th by laymen and 8th by experts. Mean ratings of experts 
spanned over a larger range (2.54 to 5.92) compared to laymen’s (2.81 to 5.67). Another 
finding consistent with an earlier discussion that lay people are more inclined to rate risks 
as more severe than experts is that lay people only ranked 7 risks below the midpoint on 
the overall risk scale compared to the experts’ 12. 
 
In sum, lay people commonly perceive risks to ecosystems to have greater impacts that 
experts do, and risks from GCC to be moderately worse than non-GCC ones. As they are 
less informed about global climate change processes than experts, there is a tendency for 
lay people to deduce catastrophic ecosystem impacts from climate change. Experts, on the 
other hand, perceive GCC risks as relatively less controllable and relatively less 
understandable when compared to lay perceptions and they accept GCC risks more readily 
than lay people do. These findings suggest that lay people trust that scientists understand 
GCC risks to ecosystems and that despite the significance of the impacts, they are still 
manageable. On the contrary, ecosystem specialists do not seem to share this confidence 
regarding their knowledge or ability to react adequately to risks from global climate 
change. Lay people may also be too optimistic regarding policy choices if they see GCC 
risks as known and controllable, implying that only moderate tradeoffs are required for the 
protection of ecosystems. However, given a larger impact magnitude perceived by 
laymen, they may feel a greater need for policy intervention. Lazo et al (2000) suggest that 
experts are likely to encourage “cautiously aggressive” policies such as more research to 
reduce impact uncertainty. Moreover, experts are expected to support policy interventions 
as they treat GCC risks as less controllable. Disparities present in lay and expert 
perceptions of risks to ecosystems urges for a reconciliation of both sets of risk 
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perceptions via improvements in risk communication. Experts’ uncertainty about global 
climate change impacts should be made clear to the public without compromising the 
credibility of the information source. Lay people ought to understand that the impacts of 
global climate change may not be catastrophic but should still remain significant. To the 
extent that global climate change risks are not easily controlled coupled with the 
timeframes involved, laymen must be made to realise that large sacrifices may indeed be 
essential to protect ecosystems from climate change risks. 
 
Lee (2001) presented differences in risk evaluation of modern technology amongst the two 
groups and explored the causatives of those differences. It was discussed that lay people 
were more likely to be affected and to a greater extent by attempts of the media to amplify 
hazard stories. Experts, on the other hand, were not easily influenced by such reports as 
they evaluated risks on the basis of their knowledge and expertise. However, due to the 
technicalities and probabilities involved in expert evaluation, elements of self-interest and 
myopia are often present in expert opinions. Nonetheless, the laymen’s decision-making 
based upon prior risk perceptions and idiosyncratic research evidence may not be superior 
either.  
 
Many lay explanations for major catastrophes and minor adversities were sought in 
religion like the term “acts of God” while experts, strictly speaking, based their arguments 
free from such religious determinism. It was through the perception of such past 
catastrophes that laymen were easily stricken with fear, resulting in risk being subjectively 
quantified. Experts extrapolated from past events and this culminated in higher capability 
to quantify risk technically. One very important issue linked to this subjectivity is that 
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uncertainty for the public is not removed even if hazards are deemed to have a low 
probability by expert judgment. This emotional “dread” that underlies lay perceptions 
exemplify their “risks to self” values but expert values had a greater inclination towards 
“risks to society” (Lee, 2001). Moreover, experts base their valuations on schemata 
(mental models) which are objective. Conversely, lay risk perceptions and valuations are 
construed as attitudes (feelings). However, note that attitudes operate on the basis of 
foundation schemata. Henceforth, public attitude towards risk levels can be more 
successfully persuaded upon assimilation of expert views that has been rendered more 
“congenial” (Lee, 2001).  
 
Research has also shown that there exists a certain polarization of behaviour and beliefs 
for laymen from different cultural backgrounds. However, the proliferation of media as 
well as “penetration of multi-nationals” has resulted in the merging of many such cultures 
(Lee, 2001). This implies that the so-called cultural disparities inherent in lay people’s 
attitudes are fast converging. Similarly, expert judgment is formed from a panel of experts 
not necessarily belonging to a particular culture which suggests that risk perceptions are 
not influenced by cultural differences but rather, the underlying characteristics of the 
hazards” (Lee, 2001). Rapid technological advance is complex in the eyes of the laymen, 
for example, “complexities of particle physics on chemistry of pesticides” and thus matter 
less to them but at the same time, there is a need to further improve on technology in order 
to make hazard assessments more accurate (Lee, 2001). Thus, the responsibility of experts 
fall more on simplifying technical details for easy assimilation of the public, that is, more 
efficient and effective risk communication. 
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One very important disparity is the disparity of values towards “benefits” of technology. 
Pro- and anti-attitudes of the general public towards implementation of projects or 
measures are frequently functions of self-valued “benefits”, for instance, risk premium of 
building nuclear reactors is cheaper electricity. On the other hand, expert judgment weighs 
societal surplus against costs. Such technical deductions may not always be an accurate 
reflection of community preferences. 
 
Lastly, though experts may have the power to influence through knowledge, many fail to 
convert this power due to the negligence of the distinction between conformity and 
compliance. Laymen require evidence to support assertions derived through systems and 
simply enforcing rules and regulations proposed by experts will not serve to alter lay risk 
perceptions. The crux thus lies in reassuring antis on areas of concerns and drawing 
attention to potential benefits, in laymen terms. 
 
3.5.3 Law 
Diamond (1990) compared sentencing decisions of lay and professional magistrates. 
Disparities exist because lay judges feel that they are a better representation of the 
community being free from potential tyranny from government which enhances 
sentencing legitimacy. Overall, it was observed that lay views on appropriate levels of 
sentencing had shifted from strictly utilitarian goals to a greater focus on culpability and 
blameworthiness while sentencing is still recognized by professional judges as having an 
expressive role for punishment to reduce recidivism and achieve lower crime rates.  The 
lay judges exhibited irregularity in their views on severity of punishment while 
professional judges abide by a certain guideline and thus seldom deviate. 
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Although professionals argued that they, having more court experience, were better able to 
distinguish which offenders were more culpable, lay judges had countered that such 
isolation and routinization faced by full-time judges lacked a community perspective. 
Differences in the sentencing behaviour of the two groups were observed by presenting 
them with scenarios of various offences. For common offences like shoplifting, both 
groups showed no significant differences as sentencing usually adheres to court 
guidelines. For indecent assault cases, lay judges were more willing and inclined to excuse 
out-of-character occurrences which accentuated stipendiary judges’ greater concern for 
deterrence. No marked difference exists for the sentencing of burglars. One interesting 
discovery is that both groups tend to mete out heavier or lighter sentence in the case of 
police testimony. 
 
Overall findings from courtrooms revealed that lay magistrates were more lenient but we 
ought to note that cases brought forward to the two groups were not identical. Due to a 
lack of community perspective, stipendiaries are biased towards heavier sentences for 
those with extensive criminal records or are simply unemployed. One can also argue that 
this leniency could stem from a lack of legal education. However, this lack did not lead to 
lay judges being affected by attempts of appellants to play on their emotions. In addition, 
both groups were not influenced by expressions of remorse on any account. 
  
Lay and professional judges are both susceptible to biases in their decisions. Lay 
magistrates work in panels and group polarization can lead to fair sentences being 
compromised. On the other hand, stipendiaries sit alone and usually do not confer with 
colleagues which could spell personal bias in sentencing. Lay magistrates view themselves 
as representatives rather than delegates while stipendiaries see themselves as responsible – 
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and held responsible by – the court system and the community. This important difference 
is the reason why lay magistrates see personal deterrence as the main purpose of 
sentencing whilst stipendiaries are more concerned with general deterrence and impact of 
sentence on the social system. 
 
There are discernible differences in the beliefs and values of the two groups but both lay 
and expert judges share the belief that the community is in favour of a more austere 
approach in sentencing. Lay magistrates have the opportunity to develop an accurate 
picture of crime in courts and to assess public response which can reveal community 
preferences. Stipendiaries have a larger sample of cases on which to base estimates on 
types of offences that are becoming more ubiquitous and to adjust sentences as and when 
necessary. Judging from this point of view, it is inconclusive which group’s decision is 
more reliable and non-partisan. 
 
With reference to the above studies, it appears that the above studies acknowledged the 
existence of a divergence between expert and lay opinions but the significance of such a 
divergence as well as the veracity of opinions is indeterminate. At first glance, this 
indeterminacy may seem counter-intuitive as one would almost certainly expect expert 
judgments to be more veracious. Upon further insight, it may not be totally unreasonable 
as important attributes of values and perspectives towards risk unaccounted for by experts 
may be inherent in the preferences of lay people. However, it must be cautioned that lay 
preferences are relevant only when systematic differences in valuation, rather than non-
systematic errors or confusion, result in the divergence. Henceforth, it underlines the need 
to account for both expert and lay judgments in this study. 
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In the chapter that follows, the scales of relative environmental importance for experts and 
laymen will be derived for Singapore and Bangkok respectively. We will also analyze the 
empirical findings and carry out a cross-city comparison between the damage schedules 









































EMPIRICAL RESULTS AND ANALYSIS 
 
4.1 Data Description 
A simple way to evaluate paired comparison data is to use the ‘preference score’ for each 
environmental improvement which is defined as ‘the number of times the respondent 
prefers that item over other items in the choice set’ (Peterson and Brown, 1998). Thus, 
each improvement has a maximum score of (k – 1) where k is the total number of 
improvements in the choice set. At the other extreme, the minimum preference score is 
zero, implying that all other improvements in the choice set are preferred over that 
improvement. Then the paired comparison data collected from both the Singapore and 
Bangkok surveys are compiled and tabulated using the ‘preference profile’ of every 
respondent. The ‘preference profile’ of a respondent is a vector of the individual’s 
preference scores which depicts the ‘individual’s preference order among the items in the 
choice set, with larger integers indicating more preferred items’ and vice versa (Peterson 
and Brown, 1998). For instance, in the first part of our Singapore survey, one respondent 
has this preference profile ( )1302  for reduction in air pollution, increased efforts in 
conservation of nature and trees, reduction in solid and toxic wastes and reduction in water 
pollution respectively. In this case, reduction in solid and toxic wastes is the most 
preferred environmental provision as it has the highest preference score of 3, indicating 
that it is preferred over all the other three environmental provisions in the choice set. 
Reduction in air pollution registers a preference score of 2, implying that this respondent 
prefers reduction in air pollution over two other environmental provisions in the choice 
set, namely increased efforts in conservation of nature and trees and reduction in water 
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pollution. A preference score of 1 for reduction in water pollution indicates that the 
respondent has a greater preference for reduction in water pollution over only one of the 
environmental provision, that is, increased efforts in conservation of nature and trees, in 
the choice set. Finally, it is apparent that a preference score of 0 signifies that increased 
efforts in conservation of nature and trees is the least preferred environmental provision in 
the choice set. In other words, this respondent prefers any of the other three environmental 
provisions to increased efforts in the choice set. In our case of a choice set consisting of 
four environmental provisions for Singapore and Bangkok, the preference profile of any 
respondent without circular triads includes all four integers from 0 through 3. If circular 
triads are present, some integers may turn up more than once in the preference profile 
while others go missing. An example of a preference profile containing circular triads is 
( )2211  for reduction in air pollution, increased efforts in conservation of nature and 
trees, reduction in solid and toxic wastes and reduction in water pollution respectively. 
Subsequently, for each survey, the individual preference profiles obtained from the paired 
comparisons will be aggregated across all respondents. 
 
Another variable that is computed from the Singapore and Bangkok paired comparison 
data is the ‘within-pair value contrast’ which is defined as the ‘difference in value 
assigned by an individual to the two items in a given paired comparison’ (Peterson and 
Brown, 1998). Here the absolute value18 of the integer difference between preference 
scores will be employed as an index of ‘within-pair value contrast’. The magnitude of this 
integer difference ranges from 0 to 3 as it is the absolute difference of two integers in the 
                                                
18 The absolute value of the preference score difference is chosen for our analyses because the ordering in 
any paired comparison should not matter, that is, reduction in air pollution versus reduction in solid and 
toxic wastes should not be any different from reduction in solid and toxic wastes versus reduction in air 
pollution.  
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same range. Such an index is but a simple estimate of within-pair value contrast, despite 
its convenience and usefulness. The reason is that the preference scores are ordinal with 
respect to strength of preference. Note, however, that they are cardinal with respect to the 
number of times each item was preferred over other items. Making use of the previous 
example of a respondent with preference profile ( )1302  for reduction in air 
pollution, increased efforts in conservation of nature and trees, reduction in solid and toxic 
wastes and reduction in water pollution respectively, the within-pair value contrast indices 
for all the six paired comparisons can be obtained: (i) reduction in air pollution versus 
increased efforts in conservation of nature and trees = 2; (ii) reduction in air pollution 
versus reduction in solid and toxic wastes = 1; (iii) reduction in air pollution versus 
reduction in water pollution = 1; (iv) increased efforts in conservation of nature and trees 
versus reduction in solid and toxic wastes = 3; (v) increased efforts in conservation of 
nature and trees versus reduction in water pollution = 1; (vi) reduction in solid and toxic 
wastes versus reduction in water pollution = 2. Like the individual preference profiles, the 
individual within-pair value contrast will, thereafter, be aggregated across all the 
respondents for each survey. 
 
The second part of the Singapore and Bangkok surveys deal with paired comparisons 
between environmental provisions and monetary sums. Here the data is not compiled with 
the help of the preference profile and the within-pair value contrast as there are no intra-
comparisons of monetary gains since it is perfectly logical to assume that any rational 
person will prefer a higher monetary gain to a lower one. The objective of this part is to 
determine whether there is any agreement between the official environmental budget 
allocated and what the community perceived the environmental expenditure should be. To 
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summarize the paired comparisons here, we make use of a similar kind of preference 
scoring to the first part of the survey. Since each environmental improvement is compared 
to five different monetary gains, the maximum score for each improvement is 5 while the 
maximum for every monetary gain is 1 (as each is only compared once with its 
corresponding environmental improvement). At the other extreme, the minimum score for 
each environmental improvement and monetary gain is 0. For the environmental 
improvement, this means that all five monetary gains are preferred over it. As for the 
monetary gain, it simply means that the improvement is preferred over this particular 
monetary gain. From this data summary, further tests and analyses are conducted and the 
results are discussed in Section 4.3. 
 
4.2 Deriving the Scales of Relative Importance 
The aggregate preference profile from the first part of the Singapore and Bangkok surveys 
can be used to derive a scale of relative importance for each of the two cities. The most 
straightforward method to do so is the variance stable rank method (Dunn-Rankin, 1983). 
In this method, the proportion of times that each provision is chosen relative to the 
maximum number of times it is possible to be chosen by all respondents is computed by 
dividing the aggregate preference score for each provision by its maximum possible score 
given by ( )[ ]1−kR  where R is the total number of respondents and k is the total number of 
provisions in the choice set. This proportion indicates the collective judgment of the 
relative importance of the different environmental provisions being compared 
(Chuenpagdee et al, 2001). An interval scale from 0 to 100 is obtained when multiplying 
this proportion by 100. 
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4.2.1 Scale Values 
For the city of Singapore, the results from the 110 lay respondents and 68 expert 
respondents are summarized in Table 1 where the scale values for all four environmental 
improvements are listed for the entire sample (both laymen and formal experts combined) 
as well as for the lay and expert groups. For Bangkok, the scale values for all four 
environmental improvements are tabulated for the entire sample and the respective 
reference groups in Table 2.  
(Tables 1 and 2 here) 
Referring to Table 1, an obvious finding is that the expert’s and laymen’s scale values do 
not appear to have a close correspondence. The expert group feels that ‘reduction in air 
pollution’ should be the most important environmental provision while the lay respondents 
are most concerned with ‘reduction in water pollution’. This can be explained from the 
fact that in recent times, the issue of water scarcity in Singapore has often surfaced in 
various media reports, prompting the more easily influenced laymen to be more anxious 
about water pollution, thereby inducing them to desire ‘reduction in water pollution’ most. 
On the other hand, the experts are most committed to ‘reduction in air pollution’, possibly 
due to scientific reports that asthma prevalence is on the increase worldwide. Furthermore, 
the World Asthma Meeting 2004 in Bangkok reported that Thailand, the Philippines and 
Singapore registered the highest rates of asthma prevalence in the Southeast Asia region. 
Since air pollution has often been cited by health experts as one of the main culprits of 
asthma, it is hardly surprising that the expert respondents rate ‘reduction in air pollution’ 
as the most important environmental provision. However, both groups seem to be able to 
agree on the least important environmental provision, that is, increased efforts in 
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conservation of nature and trees. This could be due to the luxuriant greenery that 
Singapore has enjoyed over the years, as evident from its reputation as a ‘Garden City’. 
‘Reduction in solid and toxic wastes’ is ranked the second most important environmental 
provision by both sets of respondents, although they do not agree on its relative 
importance to ‘reduction in air pollution’ and ‘reduction in water pollution’. Despite that, 
proper and adequate waste management is considered to be of fairly high importance in 
land-scarce Singapore to both laymen and experts alike. The lack of a close 
correspondence across the two groups is further confirmed by its Pearson’s correlation 
coefficient of 0.506 with a p-value of 0.246, suggesting that the null hypothesis of non-
positive correlation cannot be rejected at the usual levels of significance (that is, 1%, 5% 
or 10%). Therefore, the statistical evidence is inconclusive of a significant positive 
correlation between the two scales of importance. However, there seems to be some 
moderate agreement among both groups of respondents on the relative importance of the 
environmental provisions, as indicated by the modest Kendall’s W19 values in Table 1. 
The null hypothesis that Kendall’s W is zero or that there is no agreement among the 
respondents is rejected in the total, lay and expert samples since the asymptotic p-values 
are very small. Hence, we conclude that there is reasonable consensus among respondents 
on the ranking of the relative importance of environmental improvements in Singapore. 
 
From Table 2, a telling observation is that there is near perfect correspondence of the scale 
values across the lay and expert samples. Both groups very much agree on the order of 
importance for all four environmental provisions in Bangkok – most important is 
‘reduction in air pollution’; second comes ‘reduction in solid and toxic wastes’; then 
                                                
19 Kendall’s W is also known as Kendall’s coefficient of concordance which measures the degree of 
agreement in the preferences among individuals. 
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follows ‘reduction in water pollution’; and lastly ‘reduction in noise pollution’. The close 
correspondence of the scale values among the two samples is further evident in the high 
Pearson’s correlation coefficient of 0.981. The null hypothesis of non-positive correlation 
is rejected at 1% level of significance (p-value = 0.009). It is thus concluded that there is a 
robust positive correlation between both sets of rankings. In addition, the fairly high 
Kendall’s W values in Table 2 indicate that there is a moderately high level of agreement 
among respondents in their respective reference groups. The null hypothesis of no 
agreement among respondents is rejected in full sample as well as the lay and expert 
samples, given the small asymptotic p-values, thereby suggesting that there is considerable 
agreement among respondents in their judgments of relative environmental importance in 
Bangkok. 
 
4.2.2 Effects of Intransitivity on Scale Values 
Although the results in both the Singapore and Bangkok surveys indicate a fairly 
significant level of agreement among respondents in the scale values of environmental 
improvements, a proportion of the individual preference profiles are found to be 
inconsistent in both surveys. For the survey conducted in Singapore, approximately 22% 
of the total preference profiles contain circular triads; roughly 26% of the laymen 
preference profiles and about 15% of the expert preference profiles exhibit 
inconsistencies. As for the Bangkok survey, 25% of the total preference profiles display 
circularity; 21% of the lay preference profiles and approximately 31% of the expert 
preference profiles are inconsistent. Before testing for the effects of intransitivity, we will 
look into the level of consistency of the total, lay and expert samples of Singapore and 
Bangkok by computing the coefficient of consistency for each of the samples.  
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The individual coefficient of consistency is inversely related to the observed number of 
circular triads in each individual’s responses. The observed number of circular triads can 
be computed directly from the individual preference profile as given by David (1988):  















1* ;  
k = total number of elements in the choice set; and  
ia  = the number of elements in the choice set dominated by the 
thi  element.  
As mentioned previously in Chapter 3, circular triads can be caused by one of the 
following: systematic and repeatable intransitivity; respondent’s incompetence; close 
calls; or pure careless mistakes. As a result, the coefficient of consistency of an individual 
respondent can be identified as a function of systematic intransitivity, incompetence, 
degree of similarity of objects in the choice set and the propensity to make careless 













cζ  when k is even.  
Note that this formulation of the coefficient of consistency is derived from the basic 
definition: 
( ) maxmax ccc −=ζ   
where maxc  is the maximum possible number of circular triads.  
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The maximum possible number of circular triads is given by the following formulae 
(Kendall and Smith, 1940, David 1988):  
( )( )124 2max −= kkc  when k is odd or ( )( )424 2max −= kkc  when k is even. 
Clearly, the individual respondent’s coefficient of consistency varies from zero to one. A 
coefficient of one implies that the respondent is completely consistent, that is to say, no 
circular triads are present in the respondent’s choices. As the coefficient decreases to zero, 
the observed number of circular triads (or inconsistence) increases to the maximum 
possible number of circular triads. With four environmental provisions, the maximum 
possible number of circular triads is two which will produce a consistency coefficient of 
zero. If a respondent has only one circular triad, the coefficient of consistency will take the 
value of 0.5. 
 
Having evaluated the observed number of circular triads, the individual coefficient of 
consistency is calculated for every respondent in the two surveys. The total sample in the 
Singapore survey has 39 inconsistent responses, of which 22 of them contain one circular 
triad and the remaining 17 containing the maximum of two circular triads, giving rise to 
an overall coefficient of consistency of 0.843. The sample of laymen in Singapore has 29 
inconsistent responses with one circular triad in 15 of them and the maximum of two in 
the rest of the 14. Thus, the overall coefficient of consistency for this group is 0.805. 
There are 10 inconsistent responses from the expert group in Singapore with 7 of them 
having one circular triad and the remainder having two, producing an overall consistency 
coefficient of 0.904. In the Bangkok survey, the total sample generated 23 inconsistent 
responses with one circular triad in 12 of them and two in the other 11, yielding an overall 
coefficient of consistency of 0.815. The lay group in Bangkok has 12 inconsistent 
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responses out of which 8 contain the maximum of two circular triads and the remaining 4 
containing one which gives an overall consistency coefficient of 0.825. The expert group 
in the Bangkok survey yielded 11 inconsistent responses with one circular triad in 8 of 
them and two in the remaining 4. Hence, the overall coefficient of consistency for this 
group is 0.8. From the large coefficients of consistency computed for the total sample and 
various reference groups in Singapore and Bangkok, we can conclude that the level of 
consistency is rather high in both surveys. However, we are still unable to conclude that 
the impact of intransitivity on the scale rankings is insignificant. Therefore, in what 
follows are some tests on the influence of intransitivity.  
 
The effects of intransitivity are tested using Kendall’s W and Pearson’s correlation 
coefficients. The Kendall’s W for all transitive respondents in Singapore is found to be 
0.119. This Kendall’s W has an observed chi-square value of 63.441 (degrees of freedom 
= 3) which far exceeds its critical value at 0.1% level of significance. For all the transitive 
Bangkok respondents, Kendall’s W is 0.375 and its observed chi-square is 77.678 (degrees 
of freedom = 3) which is larger than the critical value at the significance level of 0.001. 
Agreement among all intransitive respondents for both Singapore (Kendall’s W = 0.155) 
and Bangkok (Kendall’s W = 0.199) is shown to be significant by the relatively large 
observed chi-squares (18.179 and 13.741 respectively) and very small asymptotic p-values 
(0.000 and 0.003).  The null hypothesis of no positive correlation between the transitive 
group and the entire sample is also rejected at the 0.1% level of significance for both 
Singapore and Bangkok. The Pearson’s correlation coefficients for these two groups are 
1.000 in both cities. 
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Next, the level of agreement among the transitive lay respondents in Singapore and 
Bangkok is assessed. The Kendall’s W is 0.202 for the transitive lay group in Singapore 
and 0.423 for the transitive group of lay Bangkok respondents. The observed chi-squares 
are 49.074 and 57.080 (degrees of freedom = 3) for Singapore and Bangkok respectively 
which substantially exceeds the critical values at the 0.001 level of significance. The 
laymen who are intransitive in the Singapore and Bangkok have a respective Kendall’s W 
of 0.143 (p-value = 0.006) and 0.243 (p-value = 0.033). The null hypothesis of no 
agreement among intransitive lay respondents is thus rejected at the 5% level of 
significance in both cities. The Pearson’s correlation coefficient of 0.998 between the lay 
transitive group and the full lay sample in Singapore is highly significant at an exact 0.001 
level of significance. For the lay transitive group and the entire group of lay respondents 
in Bangkok, the Pearson’s correlation coefficient is 1.000 which is found to be very 
significant, as indicated by a negligible p-value of 0.000. 
 
Lastly, the transitive experts in Singapore and Bangkok have a Kendall’s W of 0.120 
(observed chi-square with 3 degrees of freedom = 20.876) and 0.331 (observed chi-square 
with 3 degrees of freedom = 23.850) respectively. In both cities, the observed chi-square 
values are much greater than the critical values at the 0.001 significance level, implying 
that the null hypothesis of no agreement among respondents’ rankings can be rejected. 
The Kendall’s W of the intransitive experts is 0.252 in Singapore and 0.222 in Bangkok. 
Their corresponding p-values are 0.056 and 0.062, indicating that the null hypothesis of no 
agreement can only be rejected at the 10% level of significance. The null hypothesis of no 
positive correlation between rankings of the transitive expert group and the full expert 
sample in Singapore is rejected at the 0.01 level of significance (Pearson’s correlation 
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coefficient = 0.987) while the same null in Bangkok is rejected at the 0.05 level of 
significance (Pearson’s correlation coefficient = 0.980). 
 
These findings suggest that inclusion of intransitive responses into the various samples did 
not significantly alter the resulting scale values of the environmental provisions in the 
choice set. Coupled with the result that the level of consistency is high for all the samples, 
the effects of intransitivity appear to be small and insignificant. Therefore, it is not 
necessary to exclude the intransitive responses from our analyses. 
 
4.2.3 Further Tests on Scale Values 
Before setting up the scales of importance for Singapore and Bangkok, we tested if the lay 
and expert group in each city is from a population which is identically distributed in terms 
of their rankings of the environmental improvements using the Kruskal-Wallis one-way 
analysis of variance (ANOVA) on ranks. The null hypothesis that the two samples come 
from the same population in terms of their scale rankings cannot be rejected at a  
significance level of 0.1 for both Singapore (asymptotic p-value = 0.322) and Bangkok 
(asymptotic p-value = 0.317). 
 
To investigate more into the alleged divergence between the importance rankings of 
experts and laymen, the aggregated within-pair value contrast for each pair of 
improvements of these two groups will be utilized. The aggregated within-pair value 
contrast for the lay and expert sample in the Singapore and Bangkok surveys are 
illustrated in Table 3 and 4 respectively. 
 (Tables 3 and 4 here) 
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The Pearson’s correlation coefficient is then calculated for the two sets of aggregated 
within-pair value contrast in both surveys. The Singapore experts’ and laymen’s within-
pair value contrast registered a Pearson’s correlation coefficient of 0.281 with a 
corresponding p-value of 0.001, thereby suggesting that the null hypothesis of no positive 
correlation between these two sets of within-pair value contrast can be rejected at 0.1% 
level of significance. Thus, it can be concluded in the case of Singapore that there is no 
significant disparity in the experts’ and laymen’s relative judgments of importance. The 
Pearson’s correlation coefficient for the Bangkok lay and expert groups is found to be 
0.870 with a p-value of 0.0004, implying that there is a significant positive correlation 
between the within-pair value contrast of experts and laymen. Hence, the proposition of 
significantly different relative judgments of importance between the Bangkok lay and 
expert groups cannot hold. 
 
Two other tests, the critical range test and scalability index, are further carried out on the 
resulting scale values from all samples. The critical range test can be used to establish if a 
particular pair of environmental choice provisions is from the same population of stimuli 
and the scalability index20 measures the ability to differentiate between the various 
environmental provisions (Dunn-Rankin, 1983). To conduct the critical range test for the 
Singapore and Bangkok surveys, the critical range (CR) must first be determined: 
aQkknCR ∗+= 12)1)((  
where n = total number of respondents; 
k = total number of elements in the choice set; and 
                                                
20 Sometimes the relative scalability index is used in tandem with the scalability index. However, note that 
when the sample size (n) exceeds the critical range, the relative scalability index equals the scalability index. 
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aQ  = studentized range for k elements and infinite degrees of freedom 
Using the above formula, the critical range for the total sample, the expert and lay 
samples, as well as the total transitive and total intransitive samples is obtained for both 
Singapore (see Table 5) and Bangkok (see Table 6). 
 (Tables 5 and 6 here) 
Then the matrix of rank differences where differences between every pair of aggregate 
preference scores is constructed for the total sample, the expert and laymen groups, as 
well as the total transitive and total intransitive samples in each city. The matrices of rank 
differences for Singapore are illustrated in Tables 7, 8, 9, 10 and 11 while the matrices of 
rank differences for Bangkok are shown in Tables 12, 13, 14, 15 and 16. 
 (Tables 7, 8, 9, 10, 11, 12, 13, 14, 15 and 16 here) 
If the difference between any pair of aggregate preference scores falls out of the critical 
range at the accepted level of probability (in this case, 5%), the pair of environmental 
provisions can be perceived as significantly different. It is evident from Tables 7 to 10 
(Singapore) and Tables 12 to 15 (Bangkok) that these eight groups of respondents view at 
least half of all possible pairs of environmental provisions as significantly different. Only 
in the total intransitive group for both cities (Tables 11 and 16) do the respondents not 
take any pair to be significantly different. 
 
Having established the total number of significantly different pairs from the critical range 





 where d = total number of significantly different pairs; and 
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 k = total number of elements in the choice set. 
The higher the scalability index, the higher the capacity of individuals to distinguish 
between environmental improvements. The scalability indices for the above reference 
groups are illustrated in Tables 17 (for Singapore) and 18 (for Bangkok). 
 (Tables 17 and 18 here) 
Except the total intransitive groups in the Singapore and Bangkok surveys, the other 
groups all displayed relatively high scalability indices in addition to positive results from 
the critical range tests. This leads us to conclude that the environmental provisions are 
sufficiently different such that respondents are able to make distinctions amongst them. 
Otherwise, as in the total intransitive groups in our two cities where both tests indicate that 
there is no considerable differences between any of the environmental provisions, it seems 
to indicate that some common features are being shared among the environmental 
provisions and hence can be classified as having similar overall importance but it does not 
necessarily mean that they are equally important (Chuenpagdee et al, 2001). 
 
In summary, for the first part of the Singapore and Bangkok surveys, we can conclude that 
the agreement among laymen and experts is extremely significant, albeit at a modest level. 
However, the evidence is a little more uncertain for the survey in Singapore as the scales 
of relative importance for the experts and laymen do not exhibit a significant positive 
correlation. There is also a high overall level of consistency among respondents in the two 
surveys and our results showed that intransitive responses did not have a significant 
impact on the scale rankings of environmental improvements. Moreover, the Kruskal-
Wallis one-way analysis of variance concluded that the expert and lay samples are not 
significantly different in terms of rankings for both of the surveys. Likewise for both 
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surveys, there is no apparent disagreement among the experts’ and laymen’s relative 
judgments of importance, as indicated by the significant positive correlation between their 
within-pair value contrast. Finally, the inference that we can make from the critical range 
test and scalability index is that, for both surveys, the environmental improvements are 
significantly different to the extent that respondents have the ability to distinguish among 
them, with the exception of the total intransitive groups. Overall, based on our findings, it 
would seem, to a certain extent, appropriate to represent all the respondents from the same 
survey (both experts and laymen; transitive and intransitive) on a single scale of relative 
importance. The Singapore and Bangkok scales of relative environmental importance are 
shown in Figures 1 and 2 respectively. 
 (Figures 1 and 2 here) 
 
4.3 Paired Comparisons between Monetary Gains and Environmental Provisions 
The second parts of the Singapore and Bangkok surveys require respondents to make 
paired comparisons between gains in monetary amounts and improvements in 
environmental provisions. Kendall’s W is once again used on the preference ratings in 
these parts of our two surveys to evaluate the level of agreement among respondents. In 
this part of the Singapore survey, the Kendall’s W for the total sample is 0.694 with an 
observed chi-square of 2839.516 (degrees of freedom = 23) which is much greater than the 
critical value at the significance level of 0.1%. Therefore, the null hypothesis of no 
agreement among respondents can be rejected. The respective Kendall’s W values for the 
lay and expert groups in Singapore are 0.740 (observed chi-square = 1871.442 and degrees 
of freedom = 23) and 0.639 (observed chi-square = 998.856 and degrees of freedom = 23). 
The observed chi-squares for these two groups are larger than their corresponding critical 
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values at the 0.001 level of significance, implying that there exists a considerable level of 
agreement among lay and expert respondents. The Kendall’s W for the total sample in this 
part of the Bangkok survey is calculated to be 0.595 with an asymptotic p-value of less 
than 0.001 (based on a chi-square distribution with 17 degrees of freedom), resulting in a 
rejection of the null hypothesis of no agreement at 0.001 level of significance. Agreement 
among the Bangkok lay and expert samples is also found to be highly significant, given 
their relatively high Kendall’s W (0.506 and 0.784 respectively) and large observed chi-
squares with 17 degrees of freedom (490.178 and 466.530 respectively).  Thus, the null 
hypothesis of no agreement among respondents in these two samples is rejected at the 
significance level of 0.001. 
 
Like the first part of the survey, not all respondents can be expected to be perfectly 
consistent in their responses. Inconsistent responses may occur due to various reasons 
such as carelessness, pure mistakes or incompetence. However, in this part of the survey, 
inconsistency is no longer detected by means of circular triads. A response is considered 
to be inconsistent when the improvement in environmental provision, for example, 
reduction in air pollution, is chosen as more important than 100 SGD but is chosen as less 
important than any of the amounts less than 100 SGD. It is found that only 15 (10 from the 
lay sample and 5 from the expert sample) out of 178 respondents in Singapore are 
inconsistent in this part of the survey. As for the Bangkok survey, 14 (9 from the lay 
sample and 5 from the expert sample) out of 92 respondents are found to be inconsistent in 
their responses. An interesting note here is that the number of inconsistent responses in 
this part of the survey is less than those generated from the first part. This could be 
possibly due to the fact that the level of difficulty in distinguishing between the pairs in 
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the second part (where the choice is between monetary gain and environmental provision) 
is lower than in the first (where the choice is between different environmental provisions). 
However, due to the nature of this section of the survey, it appears unviable to test for the 
effects of intransitivity as we have done previously. Nonetheless, it is certainly not 
unconvincing to claim that the intransitive responses do not seem to heavily influence the 
results herein, given that the general level of agreement among respondents in all the 
samples is not compromised. This can be seen from the Kendall’s W values computed for 
the total, lay and expert samples in Singapore and Bangkok, omitting the intransitive 
responses. For Singapore, the Kendall’s W for the total, lay and expert transitive samples 
are respectively 0.724 (observed chi-square = 2715.258, 23 degrees of freedom), 0.778 
(observed chi-square = 1789.243, 23 degrees of freedom) and 0.662 (observed chi-square 
= 959.476, 23 degrees of freedom). The respective Kendall’s W for the Bangkok total, lay 
and expert transitive samples are 0.676 (observed chi-square = 896.988, 17 degrees of 
freedom), 0.588 (observed chi-square = 479.498, 17 degrees of freedom) and 0.857 
(observed chi-square = 436.851, 17 degrees of freedom). Comparing the Kendall’s W 
statistics between the full samples and the purely transitive samples, the general agreement 
among respondents in the various samples is not substantially distorted, even with the 
omission of the intransitive respondents. Furthermore, only a small proportion of the 
responses here are intransitive which could be largely attributed to pure errors or 
carelessness. 
 
The objective of this part of the survey is to find out if the yearly budgetary amount 
allocated for maintaining a certain environmental provision is sufficient. This annual 
budgetary amount is divided by the total population to obtain a per capita annual amount 
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so that personal judgments of importance can be made during the paired comparison 
exercise to check if the individual prefers to have the improvement in environmental 
provision or the gain in monetary amount. Four other gains in monetary amounts are 
varied according to the per capita annual budgetary amount so that the respondents would 
not be aware which one of them is the official expenditure and that they would only be 
making their choices based on their individual preference functions. If the yearly per 
capita budgetary amount is chosen over the environmental improvement, one can interpret 
that to be an indication that the respondent prefers the yearly monetary gain over the 
environmental improvement in question, that is to say, the amount spent by the authorities 
on maintaining that particular environmental provision is sufficient. On the other hand, if 
the improvement in environmental provision is preferred over the annual monetary gain of 
the per capita budgetary amount, it would appear that the authorities are not spending 
judiciously on the particular environmental provision. 
 
In Singapore, the estimated per capita annual budgetary amounts spent are 10 SGD on 
maintaining air quality, 30 SGD on nature conservation, 50 SGD on waste management 
and 200 SGD on maintaining water quality. Only 8 respondents (5 laymen and 3 experts) 
out of a possible 178 from the Singapore total sample chose a yearly gain of 10 SGD over 
reduction in air pollution, implying that most of the respondents prefer reduction in air 
pollution over a yearly gain of 10 SGD. Therefore, it would suggest that the authorities 
should spend more on maintaining the air quality of Singapore. Most of the respondents, 
experts and laymen alike, also have a greater preference for increased efforts in the 
conservation of nature and trees over its corresponding monetary gain of 30 SGD every 
year. The same holds true for reduction in solid and toxic wastes and its corresponding 
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yearly gain of 50 SGD. Thus, it can be concluded that the authorities may not be spending 
sufficiently on these environmental provisions. In the case of reduction in water pollution, 
about 23% of all respondents (23 laymen and 18 experts) prefer a yearly gain of 200 SGD 
over it. Still, a large proportion of the respondents do not think likewise. A likely 
explanation for the higher number of selections of the yearly monetary gain in this case is 
that 200 SGD every year probably carries greater significance to an average individual 
living in Singapore. Nonetheless, the majority vote of reduction in water pollution over a 
yearly gain of 200 SGD seems to suggest that the community hopes that more than 200 
SGD per year per capita can be spent on maintaining and cleaning up water resources. 
   
As for Bangkok, the yearly estimated per capita budgetary amounts spent are 600 baht for 
waste management, 500 baht for maintaining water quality and 150 baht for maintaining 
air quality. None of the expert respondents and only 6 laymen in the Bangkok survey 
prefer a yearly gain of 150 baht over reduction in air pollution, indicating that the 
authorities may not be spending enough on maintaining the air quality of Bangkok. 
Approximately 18% of all Bangkok respondents (12 laymen and 5 experts) chose a 
monetary gain of 500 baht every year over reduction in water pollution, implying that 
majority of the respondents still expect the authorities to spend more than 500 baht per 
year per capita on the upkeep of water resources. Exactly a quarter of the respondents (19 
laymen and 4 experts) in the total sample of Bangkok indicate a greater preference for a 
yearly gain of 600 baht over reduction in solid and toxic wastes. Hence, it must be said 
that majority of the Bangkok respondents feel that the authorities should actually be 
spending more on reducing solid and toxic wastes in Bangkok. Once again, it must be 
noted that the proportion of respondents choosing the monetary gain over the 
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improvement in environmental provision is much greater for the case of wastes and water 
due, in large, to the higher and hence more significant absolute amount of monetary gain 
to the average individual residing in the city of Bangkok. 
 
Based on the above results, we can conclude that the Singapore and Bangkok community 
feel that not enough funds have been allocated by their respective authorities to maintain 
the environmental quality in their cities, as suggested by the majority of them choosing the 
improvement in environmental provision over the corresponding yearly monetary gain21. 
In fact, more than half of the respondents in the two surveys did not prefer any monetary 
gain over the environmental provisions. This can be explained by the fact that choosing 
monetary gains over environmental improvements will only benefit the individual himself, 
while rejecting monetary gains in place of environmental improvements will firstly, 
highlight the individual’s concern for the environment and also, create an external benefit 
as the improvement in any environmental provision will benefit others as well as their 
future generations. 
 
4.4 A Cross-comparison of the Singapore and Bangkok Scales of Importance 
It is of no mere coincidence that the lists of environmental provisions selected for 
Singapore and Bangkok are nearly similar. Both are very urbanized cosmopolitan cities, 
with Singapore being slightly more developed than Bangkok. Thus, it is hardly surprising 
that these two cities are faced with very common urban environmental problems such as 
air pollution, water pollution and waste dumping as their major environmental threats. 
Consequently, both the Singapore and Bangkok lists of environmental provisions for the 
                                                
21 Note, however, that a limitation of this part of the survey is that we cannot determine how much more 
should the authorities be spending on improving such environmental provisions. 
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paired comparisons contain reduction in air pollution, reduction in water pollution and 
reduction in solid and toxic wastes. The only difference lies in the fourth environmental 
provision – increased efforts in the conservation of nature and trees for Singapore and 
reduction in noise pollution for Bangkok. This could be largely due to the fact that the 
Singapore is in a later stage of economic development than Bangkok. Hence, a plethora of 
development projects can be seen sprouting all over the city of Bangkok (which implies a 
lot of ongoing heavy construction in various parts of Bangkok). On the other hand, with an 
already well-established economic infrastructure, development projects are at a premium 
in Singapore so noise pollution is more localized. As a result, noise pollution will be a 
greater cause for concern in Bangkok than in Singapore. Moreover, Singapore has been 
well-reputed as a ‘Garden City’ and upholding such a status would certainly require 
greater efforts towards nature conservation (which could be one of the reasons why 
conserving nature is singled out as one of the chief targets in the Singapore Green Plan 
2012). 
 
Given the near similarity of both lists of environmental provisions, we can attempt to 
make a cross-city comparison between the two environmental scales of relative 
importance. Referring to Tables 1 and 2, an immediate interesting observation is that 
increased efforts in conservation of nature and trees and reduction in noise pollution is 
ranked the least important in their respective scales. They are not only assigned least 
importance in the total sample but also in the expert and lay samples as well. Next, it is 
found that the Kendall’s W values for the Singapore samples are smaller in magnitude, 
indicating a higher level of agreement among Bangkok respondents than their Singaporean 
counterparts, although the level of agreement is extremely significant for both. Also, the 
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Kendall’s W have a larger magnitude in the lay sample than the expert sample in the 
Singapore and Bangkok rankings of importance. A possible and reasonable explanation 
could be that the experts surveyed in both studies come from various disciplines and 
different institutions may have certain inherent professional biases that might have slightly 
dampened the general level of agreement amongst them. Another observation would be 
that the scale values of the experts and laymen in Table 2 exhibit an almost perfect 
correspondence while the experts’ and laymen’s scale values in Table 1 do not seem to 
share a similar close association. The Pearson’s correlation coefficients also seem to 
support this observation (see Section 4.2.1). This brings us back to the subject of a 
divergence between expert and lay judgments, at least in the case of Singapore here since 
the Bangkok experts and laymen are shown to have a close concordance in their 
judgments of importance which thus necessitates some further tests on the importance 
rankings of experts and laymen. One way would be to make use of the aggregate within-
pair value contrast for the lay and expert sample (see Tables 3 and 4). The Pearson’s 
correlation coefficients calculated for the lay and expert groups’ within-pair value contrast 
in both studies conclude that significant disparity in the experts’ and laymen’s relative 
judgments of importance is not evident. 
 
The proportion of inconsistent responses is quite comparable for both surveys except that 
a much higher percentage of inconsistent expert responses are registered for Bangkok than 
Singapore. The ratio of inconsistent expert responses to inconsistent lay responses is also 
higher in the Bangkok study than the one in Singapore. In addition, the level of 
consistency for the expert sample is lower than that of the laymen in Bangkok and vice 
versa for Singapore. This is an interesting finding as one would almost always expect the 
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experts to be more consistent than the lay people based on the argument of competence. 
However, it would be presumptuous herein to claim that this is an anomaly as some of the 
experts could have committed some careless mistakes or may actually be indifferent22 
between certain environmental provisions or even find some of them too similar. 
Furthermore, the overall level of consistency is still considered to be high in the two 
studies and including the intransitive responses did no significant alteration to the 
resulting scales values of the environmental improvements. 
 
Based on the critical ranges and scalability indices computed for both surveys, we can 
infer that the environmental provisions in the Bangkok study are significantly more 
different to the extent that the respondents have a greater capacity to distinguish among 
them, as compared to the Singapore study. However, for the total intransitive group in the 
two surveys, the critical range test and scalability indices indicate that there are no 
considerable differences between any of the environmental improvements. The Kruskal-
Wallis one-way analysis of variance (ANOVA) on ranks supported the proposition that in 
both of the surveys, the expert and lay samples is identically distributed in terms of their 
importance rankings. Simply put, the two samples come from the same population; hence 
a single scale of relative environmental importance may be utilized for each city. 
 
Finally, looking at Singapore and Bangkok interval scales of importance for all 
respondents (Figures 1 and 2 respectively), the three common improvements in 
environmental provisions (reduction in air pollution, reduction in water pollution and 
reduction in solid and toxic wastes) hold the top three positions on the interval scale of 
                                                
22 Remember that indifference is not permitted in this survey for the various reasons previously discussed 
but do note that indifference is a valid behavioural response. 
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importance, thereby suggesting that the three main environmental problems faced by 
Singapore and Bangkok are air pollution, water pollution and waste dumping. Note, 
however, that the intervals between these three environmental provisions are much larger 










































CONCLUSION AND RECOMMENDATIONS 
 
5.1 Overview and Discussion 
The damage schedule approach exhibits an immense potential in the valuation of 
environmental resources. First of all, internally consistent judgments of relative 
environmental importance can be elicited without any reference to monetary values, as 
illustrated from the findings in the first parts of the two paired comparison surveys 
conducted in Singapore and Bangkok. In addition, a fairly high degree of agreement is 
found among respondents in the total, expert and lay samples for both surveys. However, 
no significant positive correspondence between the Singapore experts’ and laymen’s scale 
rankings can be ascertained. On the other hand, a conclusive positive correlation exists 
between the rankings of the Bangkok experts and laymen. No apparent disagreement can 
be established among the experts’ and laymen’s own relative judgments of importance in 
each survey. Besides having a high overall level of consistency in both surveys, 
intransitive responses also do not have a significant influence on the scale values and 
importance of rankings. Furthermore, the proportion of intransitive responses is relatively 
small for both surveys, which is consistent with similar paired comparison studies 
(Peterson and Brown, 1998, Chuenpagdee, 1998, Chuenpagdee et al, 2001, 2001b, Choa, 
2002) done previously. Other than the minority of intransitive respondents in both 
surveys, it can be concluded that the improvements in environmental provisions described 
in the two surveys are significantly different to the extent that respondents have the ability 
to distinguish among them. The implication behind these findings will be that a single 
scale of relative environmental importance can be utilized to represent all respondents 
from the same city; at least, this seems to be the case for Singapore and Bangkok. 
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On the whole, respondents from the Singapore survey perceived reduction in water 
pollution (scale value = 61) as the most important environmental provision followed 
closely by reduction in solid and toxic wastes (scale value = 60). Reduction in air 
pollution ranks third on the Singapore scale of importance at 52. The least important 
environmental provision is increased efforts in conservation of nature and trees with a 
scale value of 31. This rank ordering is observed in the lay sample of Singapore as well – 
reduction of water pollution (scale value = 66) followed by reduction in solid and toxic 
wastes (scale value = 62); reduction in air pollution comes next with a scale value of 43 
and last comes increased efforts in conservation of nature and trees at 30. The expert 
group of Singapore has a somewhat different rank structure. Reduction in air pollution is 
perceived as the most important with a scale value of 63 which is then followed by 
reduction in solid and toxic wastes at 54. Reduction in water pollution (scale value = 51) is 
viewed only as more important when compared to increased efforts in conservation of 
nature and trees (scale value = 32). In the second part of the Singapore survey, our 
findings suggest that most respondents share the perception that the various allocated 
budgetary/monetary amounts for maintaining the environmental quality in Singapore is 
insufficient.  
 
Generally, for the Bangkok survey, the same rank ordering is observed across the total, 
expert and lay groups. The most important environmental provision is reduction in air 
pollution where the scale values for all, expert and lay respondents are 76, 74 and 77 
respectively. Second in importance comes reduction in solid and toxic wastes with scale 
values of 55 (all), 52 (experts) and 56 (laymen). This is followed by reduction in water 
pollution at 48 (all), 46 (experts) and 50 (laymen). Reduction in noise pollution is ranked 
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as the least important environmental provision with respective scale values of 21, 28 and 
18 for all, expert and lay respondents. In the second part of the Bangkok survey, the 
conclusion that we infer from our findings is that most of the respondents concurred that 
the various allocated budgetary amounts for maintaining the environmental quality in 
Bangkok is not sufficient. 
 
The choice set for paired comparisons normally comprises environmental or resource 
losses so that appropriate injunctions, remedies and compensations can be accorded to the 
losses based on their relative seriousness when developing the damage schedules. 
However, the choice sets in our Singapore and Bangkok surveys comprise environmental 
improvements (or gains). Our argument is that a loss in environmental resource quality 
should be at least equivalent to a corresponding gain in environmental resource quality. 
Also, loss aversion is avoided if gains are used in the choice set instead which is especially 
important when comparing between monetary sums and environmental resources. In 
addition, seriousness of loss has been found to be sensitive to the cause of loss (Brown et 
al, 2002). However, the impact of cause of loss is beyond the scope of our study. 
Therefore, to filter out the complex effect of cause on individual valuations of losses, we 
choose to specify our choice set of environmental resources as gains rather than losses. 
 
Adequate, well-defined and relevant specifications of the various improvements in 
environmental provisions in our surveys ought to be furnished to respondents to the extent 
that content validity is attained. However, there ought to be a correct balance of the 
information content such that respondents are able to make informed decisions without the 
compromise of information overload. 
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The variance stable rank method is used to summarize the individual judgments of relative 
importance of the various environmental provisions so that interval scales of relative 
importance can be developed. This method is less complicated and has a near perfect 
correlation with the Thurstone’s Law of Comparative Judgment (1927) which transforms 
individual ranking judgments into an analytical group result which is an interval scale 
rather than a rank ordered scale. Standard averaging approaches, though easier, tend to 
produce inconsistencies in group judgments, that is, Arrow’s Paradox. 
 
The supposed disparate judgments of importance between experts and laymen are 
indeterminate in the Singapore survey and virtually non-existent in the Bangkok survey. In 
fact, there is a moderate degree of agreement among all respondents from the same survey 
as well as a strong indication that both the expert and lay groups come from the same 
population. This seems to imply that expert and lay preferences should both be considered 
in the valuation of environmental goods.  
 
When comparisons are only made between gains in monetary sums and improvements in 
environmental provisions, there is a possibility that individuals may feel that the two are 
incommensurate, implying that they are unwilling to make the trade-off between money 
and environmental resources. However, the problem of incommensurability is not 
significant as long as some form of comparison can be consistently made either in terms of 
severity or importance (Sunstein, 1994). 
 
5.2 Recommendations 
The ease and convenience of data collection can be increased if a web-based survey is 
used instead, bearing in mind the proliferation of the Internet. This may also ensure a 
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wider reach to the Singaporean and Bangkok populations and hence more representative 
samples of the two populations can be obtained. Furthermore, a web-based survey will be 
able to repeat inconsistent choices so as to determine preference switches which will 
provide a further insight into the issue of intransitivity. Another advantage of a web-based 
survey is that the responses collected can be automatically recorded, implying that it will 
not be prone to errors arising from data entry. However, a web-based survey 
administration may preclude those who are not or less computer literate. 
 
To evaluate paired comparison data, economic methods of discrete choice analysis such as 
binary logit and double-bounded logit analysis as well as psychometric scaling techniques 
and simple heuristic computation can be utilised. Discrete choice methods can also be 
used to estimate bid functions for trade-off relationships among goods or services in the 
choice set, depending on the aims of the study and the composition of the choice set 
(Peterson and Brown, 1998). Moreover, if the number of items in the choice set is 
sufficiently large, discrete choice can be applied within each individual and across a joint 
set of individuals. Given numerous random samples of one discrete choice from each 
respondent, distributions as well as confidence intervals can be estimated from an array of 
typical discrete choice experiments (Peterson and Brown, 1998). Thus, further exploration 
can be done on the application of stochastic discrete choice methods and comparison of 
psychometric and econometric estimation methods. 
 
Besides addressing concerns such as transitivity and reliability, the paired comparison 
method may be employed to investigate the embedding effect (Peterson and Brown, 
1998). Recall that the embedding effect refers to the outcome in which “contingent values 
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for a good vary depending on whether the good is valued by itself or as part of a more 
inclusive good” (Kahneman and Knetsch, 1992). This can be achieved by varying the 
levels of the items or goods selected, not unlike the varying level of environmental 
services in the embedding study of Kahneman and Knetsch (1992). In fact, one can 
control for the embedding effect by specifying different levels for the choice elements 
which range from the most general to the most specific level possible.   
 
5.3 Closure 
There is one final step before the materialization of the environmental damage schedule – 
the assignment of appropriate policy responses to the scale of relative importance. This 
should be considered by legislative and administrative bodies to ensure that the level of 
sanction, deterrence, or compensation faced by those responsible for damaging 
environmental resources would vary in accordance with the relative importance of the 
particular environmental resource on the scale of importance. Note that for a damage 
schedule to be useful, damage awards may be best used alongside prohibitions and other 
lesser restrictions and remedies. 
 
This initial assignment of remedies is highly dependant on the decision makers’ beliefs 
and judgments and is thus fairly arbitrary although assigning such an array of remedies 
seems to be a feasible idea. As such, initial assignments should only, at most, be 
considered as provisional and ought to be subsequently adjusted according to relevant new 
knowledge and experiences, changing social values and credible new information. One 
might then question the predictability of damage schedules given acute changes to the 
 67
schedule. However, it is generally perceived that such changes are likely to evolve very 
slowly and thereby only have a limited effect on the predictability of damage schedules 
(Rutherford, et al., 1998). Hence, an environmental damage schedule is able to match 
appropriate and relevant policy responses, incentives as well as compensation remedies to 
internally consistent community judgments of the relative importance of various 
environmental goods and services. 
 
The damage schedules established based on community judgments of relative importance 
of changes in environmental quality may not necessarily bring about optimal deterrence as 
well as maximum efficiency in the public allocation of environmental resources. However, 
for many purposes, inclusive of the provision of socially useful incentives and dependable 
consistent compensations, the objective of optimal deterrence and maximum efficiency is 
not essential, provided that sanctions, incentives and awards are in accord with the relative 
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TABLE 1: SCALE VALUES OF ENVIRONMENTAL PROVISIONS IN SINGAPORE 
Environmental Provision Total Experts Laymen 
Reduction in air pollution 52 63 43 
Increased efforts in conservation of nature and trees 31 32 30 
Reduction in solid and toxic wastes 60 54 62 
Reduction in water pollution 61 51 66 
Number of respondents 178 68 110 
Kendall’s W 0.119 0.097 0.184 
Observed chi-square (3 degrees of freedom) 63.441 19.885 60.557 
Asymptotic p-value 0.000* 0.000* 0.000* 
* This means that the asymptotic p-value is a very small value which is less than 0.001. 
 
 
TABLE 2: SCALE VALUES OF ENVIRONMENTAL PROVISIONS IN BANGKOK 
Environmental Provision Total Experts Laymen 
Reduction in solid and toxic wastes 55 52 56 
Reduction in water pollution 48 46 50 
Reduction in air pollution 76 74 77 
Reduction in noise pollution 21 28 18 
Number of respondents 92 35 57 
Kendall’s W 0.327 0.252 0.381 
Observed chi-square (3 degrees of freedom) 90.380 26.423 65.178 
Asymptotic p-value 0.000* 0.000* 0.000* 




TABLE 3: WITHIN-PAIR VALUE CONTRAST FOR SINGAPORE 











Experts 120 99 103 119 103 90 
Laymen 138 153 151 193 171 150 
 
 
TABLE 4: WITHIN-PAIR VALUE CONTRAST FOR BANGKOK 











Experts 45 51 48 50 45 61 





TABLE 5: CRITICAL RANGES OF VARIOUS SAMPLES IN SINGAPORE 




Total Transitive 55 
Total Intransitive 30 
 
 
TABLE 6: CRITICAL RANGES OF VARIOUS SAMPLES IN BANGKOK 




Total Transitive 34 









TABLE 7: MATRIX OF RANK DIFFERENCES  
(SINGAPORE TOTAL SAMPLE) 
 Air Nature Waste Water  
Rank Sum 271 163 313 321 
Air 271     
Nature 163 108*    
Waste 313 42 150*   
Water 321 50 158* 8  
* Significant at the 0.05 level 
 
 
TABLE 8: MATRIX OF RANK DIFFERENCES 
(SINGAPORE EXPERTS) 
 Air Nature Waste Water  
Rank Sum 129 65 110 104 
Air 129     
Nature 65 64*    
Waste 110 19 45*   
Water 104 25 39* 6  
* Significant at the 0.05 level 
 
 
TABLE 9: MATRIX OF RANK DIFFERENCES 
(SINGAPORE LAYMEN) 
 Air Nature Waste Water  
Rank Sum 142 98 203 217 
Air 142     
Nature 98 44    
Waste 203 61* 105*   
Water 217 75* 119* 14  
* Significant at the 0.05 level 
 
 
TABLE 10: MATRIX OF RANK DIFFERENCES 
(SINGAPORE TOTAL TRANSITIVE) 
 Air Nature Waste Water  
Rank Sum 215 121 247 251 
Air 215     
Nature 121 94*    
Waste 247 32 126*   
Water 251 36 130* 4  








TABLE 11: MATRIX OF RANK DIFFERENCES  
(SINGAPORE TOTAL INTRANSITIVE) 
 Air Nature Waste Water  
Rank Sum 56 42 66 70 
Air 56     
Nature 42 14    
Waste 66 10 24   
Water 70 14 28 4  
 
 
TABLE 12: MATRIX OF RANK DIFFERENCES  
(BANGKOK TOTAL SAMPLE) 
 Waste Water Air Noise  
Rank Sum 151 133 209 59 
Waste 151     
Water 133 18    
Air 209 58* 76*   
Noise 59 92* 74* 150*  
* Significant at the 0.05 level 
 
 
TABLE 13: MATRIX OF RANK DIFFERENCES  
(BANGKOK EXPERTS) 
 Waste Water Air Noise  
Rank Sum 55 48 78 29 
Waste 55     
Water 48 7    
Air 78 23* 30*   
Noise 29 26* 19 49*  
* Significant at the 0.05 level 
 
 
TABLE 14: MATRIX OF RANK DIFFERENCES  
(BANGKOK LAYMEN) 
 Waste Water Air Noise  
Rank Sum 96 85 131 30 
Waste 96     
Water 85 11    
Air 131 35 46*   
Noise 30 66* 55* 101*  







TABLE 15: MATRIX OF RANK DIFFERENCES  
(BANGKOK TOTAL TRANSITIVE) 
 Waste Water Air Noise  
Rank Sum 111 98 169 36 
Waste 111     
Water 98 13    
Air 169 58* 71*   
Noise 36 75* 62* 133*  
* Significant at the 0.05 level 
 
 
TABLE 16: MATRIX OF RANK DIFFERENCES  
(BANGKOK TOTAL INTRANSITIVE) 
 Waste Water Air Noise  
Rank Sum 40 35 40 23 
Waste 40     
Water 35 5    
Air 40 0 5   





TABLE 17: SCALABILITY INDICES OF VARIOUS SAMPLES IN SINGAPORE 




Total Transitive 0.5 
Total Intransitive 0.0 
 
 
TABLE 18: SCALABILITY INDICES OF VARIOUS SAMPLES IN BANGKOK 




Total Transitive 0.833 
















FIGURE 1: SCALE OF RELATIVE ENVIRONMENTAL IMPORTANCE FOR 
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FIGURE 2: SCALE OF RELATIVE ENVIRONMENTAL IMPORTANCE FOR 
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PAIRED COMPARISON SURVEY FOR SINGAPORE 
 
 
This survey consists of two parts – Part I and II. Please take up some time to 




Instructions for Part I: 
 
This part contains a total of 6 questions. Every question will be presented on a 
separate sheet of paper. You will be asked to compare between the pair of options in 
each question. The options contain descriptions of different states of environmental 
quality for different resources. You are reminded to read the pair of descriptions 
carefully before proceeding to make your choice. 
 
For each pair of options, choose the one that you feel matters more to you. You ought 
to make a choice between the pair of options even if you feel that both are of equal 






Some Information about Yourself 
 
 
         Age: _________________________ 
   Gender: _________________________ 
         Nationality: _________________________ 
        Occupation: _________________________ 
Monthly Income: _________________________ 











Which of the Two States Matter More to You? 
 
 
Reduction in Water Pollution 
The volume of wastewater treated by 
the sewage treatment works has 
steadily increased since 1991. In 2000, 
the volume of wastewater treated was 
489 million cubic metres. The main 
sources of such wastewater are 
domestic wastewater (which contains 
mainly suspended and dissolved 
organic pollutants) and industrial 
effluent (which contains chemical and 
organic pollutants). Therefore, any 
volume of wastewater less than 489 
million cubic metres will be considered 
as a reduction in water pollution. 
 Reduction in Air Pollution 
A Pollutant Standards Index (PSI) 
value is calculated for each of the 5 
major air pollutants: PM10, sulphur 
dioxide, ground-level ozone, carbon 
monoxide and nitrogen dioxide. The 
highest of the PSI values for the 
individual pollutants becomes the PSI 
value for that day. A PSI of 100 
generally corresponds to the national 
air quality standard for the pollutant, 
which is the level ENV has set to 
protect public health. Thus, PSI values 
below 100 will be considered as a 




Which of the Two States Matter More to You? 
 
 
Increased Efforts in Conservation of 
Nature Areas and Trees  
The core of Singapore’s 19 Nature 
Areas is made up of the Nature 
Reserves in the Bukit Timah and 
Central Catchment Areas; here a full 
2,100 hectares of forest enjoy legal 
protection from other development 
claims. In addition, 2 areas in 
Singapore have been designated as Tree 
Conservation Areas. Thus, any 
expansion from the current 2,100 
hectares of protected area as well as 
any increase in the number of Tree 
Conservation Areas from the current 2 
will be considered as increased efforts 
in conserving nature areas and trees. 
 Reduction in Solid and Toxic 
Industrial Wastes 
The daily average of solid wastes 
generated for 2000 was 7,643 tonnes 
per day. In addition, 121,500 tonnes of 
toxic industrial wastes were collected. 
Thus, a reduction in solid and toxic 
industrial wastes will be respectively 
taken as less than 7,643 tonnes per day 








Which of the Two States Matter More to You? 
 
 
Reduction in Air Pollution 
A Pollutant Standards Index (PSI) 
value is calculated for each of the 5 
major air pollutants: PM10, sulphur 
dioxide, ground-level ozone, carbon 
monoxide and nitrogen dioxide. The 
highest of the PSI values for the 
individual pollutants becomes the PSI 
value for that day. A PSI of 100 
generally corresponds to the national 
air quality standard for the pollutant, 
which is the level ENV has set to 
protect public health. Thus, PSI values 
below 100 will be considered as a 
reduction in air pollution. 
 Reduction in Solid and Toxic 
Industrial Wastes 
The daily average of solid wastes 
generated for 2000 was 7,643 tonnes 
per day. In addition, 121,500 tonnes of 
toxic industrial wastes were collected. 
Thus, a reduction in solid and toxic 
industrial wastes will be respectively 
taken as less than 7,643 tonnes per day 




Which of the Two States Matter More to You? 
 
 
Increased Efforts in Conservation of 
Nature Areas and Trees  
The core of Singapore’s 19 Nature 
Areas is made up of the Nature 
Reserves in the Bukit Timah and 
Central Catchment Areas; here a full 
2,100 hectares of forest enjoy legal 
protection from other development 
claims. In addition, 2 areas in 
Singapore have been designated as Tree 
Conservation Areas. Thus, any 
expansion from the current 2,100 
hectares of protected area as well as 
any increase in the number of Tree 
Conservation Areas from the current 2 
will be considered as increased efforts 
in conserving nature areas and trees. 
 Reduction in Water Pollution 
The volume of wastewater treated by 
the sewage treatment works has 
steadily increased since 1991. In 2000, 
the volume of wastewater treated was 
489 million cubic metres. The main 
sources of such wastewater are 
domestic wastewater (which contains 
mainly suspended and dissolved 
organic pollutants) and industrial 
effluent (which contains chemical and 
organic pollutants). Therefore, any 
volume of wastewater less than 489 
million cubic metres will be 









Which of the Two States Matter More to You? 
 
 
Reduction in Solid and Toxic 
Industrial Wastes 
The daily average of solid wastes 
generated for 2000 was 7,643 tonnes 
per day. In addition, 121,500 tonnes of 
toxic industrial wastes were collected. 
Thus, a reduction in solid and toxic 
industrial wastes will be respectively 
taken as less than 7,643 tonnes per day 
and 121,500 tonnes per year. 
 Reduction in Water Pollution 
The volume of wastewater treated by 
the sewage treatment works has 
steadily increased since 1991. In 2000, 
the volume of wastewater treated was 
489 million cubic metres. The main 
sources of such wastewater are 
domestic wastewater (which contains 
mainly suspended and dissolved 
organic pollutants) and industrial 
effluent (which contains chemical and 
organic pollutants). Therefore, any 
volume of wastewater less than 489 
million cubic metres will be 





Which of the Two States Matter More to You? 
 
 
Reduction in Air Pollution 
A Pollutant Standards Index (PSI) 
value is calculated for each of the 5 
major air pollutants: PM10, sulphur 
dioxide, ground-level ozone, carbon 
monoxide and nitrogen dioxide. The 
highest of the PSI values for the 
individual pollutants becomes the PSI 
value for that day. A PSI of 100 
generally corresponds to the national 
air quality standard for the pollutant, 
which is the level ENV has set to 
protect public health. Thus, PSI values 
below 100 will be considered as a 
reduction in air pollution. 
 Increased Efforts in Conservation of 
Nature Areas and Trees  
The core of Singapore’s 19 Nature 
Areas is made up of the Nature 
Reserves in the Bukit Timah and 
Central Catchment Areas; here a full 
2,100 hectares of forest enjoy legal 
protection from other development 
claims. In addition, 2 areas in 
Singapore have been designated as 
Tree Conservation Areas. Thus, any 
expansion from the current 2,100 
hectares of protected area as well as 
any increase in the number of Tree 
Conservation Areas from the current 2 
will be considered as increased efforts 







Instructions for Part II: 
 
This part contains a total of 20 questions. Every question will be presented on a 
separate sheet of paper. You will be asked to compare between the pair of options in 
each question. In each pair, one would be a reduction in environmental pollution 
while the other would be a monetary gain to you. You are reminded to read the pair 
of descriptions carefully before proceeding to make your choice. 
 
For each pair of options, choose the one that you feel matters more to you. You ought 
to make a choice between the pair of options even if you feel that both are of equal 





Which of the Two States Matter More to You? 
 
 
Reduction in Air Pollution 
A Pollutant Standards Index (PSI) value is 
calculated for each of the 5 major air pollutants: 
PM10, sulphur dioxide, ground-level ozone, carbon 
monoxide and nitrogen dioxide. The highest of the 
PSI values for the individual pollutants becomes the 
PSI value for that day. A PSI of 100 generally 
corresponds to the national air quality standard for 
the pollutant, which is the level ENV has set to 
protect public health. Thus, PSI values below 100 
will be considered as a reduction in air pollution. 
 






Which of the Two States Matter More to You? 
 
 
Reduction in Solid and Toxic Industrial Wastes 
The daily average of solid wastes generated for 2000 
was 7,643 tonnes per day. In addition, 121,500 
tonnes of toxic industrial wastes were collected. 
Thus, a reduction in solid and toxic industrial wastes 
will be respectively taken as less than 7,643 tonnes 
per day and 121,500 tonnes per year. 
 





Which of the Two States Matter More to You? 
 
 
Reduction in Water Pollution 
The volume of wastewater treated by the sewage 
treatment works has steadily increased since 1991. 
In 2000, the volume of wastewater treated was 489 
million cubic metres. The main sources of such 
wastewater are domestic wastewater (which contains 
mainly suspended and dissolved organic pollutants) 
and industrial effluent (which contains chemical and 
organic pollutants). Therefore, any volume of 
wastewater less than 489 million cubic metres will 
be considered as a reduction in water pollution. 
 






Which of the Two States Matter More to You? 
 
 
A Gain of 150 SGD 
every year 
 
 Increased Efforts in Conservation of Nature Areas 
and Trees  
The core of Singapore’s 19 Nature Areas is made up 
of the Nature Reserves in the Bukit Timah and 
Central Catchment Areas; here a full 2,100 hectares 
of forest enjoy legal protection from other 
development claims. In addition, 2 areas in Singapore 
have been designated as Tree Conservation Areas. 
Thus, any expansion from the current 2,100 hectares 
of protected area as well as any increase in the 
number of Tree Conservation Areas from the current 
2 will be considered as increased efforts in 




Which of the Two States Matter More to You? 
 
 
Reduction in Solid and Toxic Industrial Wastes 
The daily average of solid wastes generated for 2000 
was 7,643 tonnes per day. In addition, 121,500 tonnes 
of toxic industrial wastes were collected. Thus, a 
reduction in solid and toxic industrial wastes will be 
respectively taken as less than 7,643 tonnes per day 
and 121,500 tonnes per year. 
 




Which of the Two States Matter More to You? 
 
 
A Gain of 90 SGD 
every year 
 
 Increased Efforts in Conservation of Nature Areas and 
Trees  
The core of Singapore’s 19 Nature Areas is made up of the 
Nature Reserves in the Bukit Timah and Central Catchment 
Areas; here a full 2,100 hectares of forest enjoy legal 
protection from other development claims. In addition, 2 
areas in Singapore have been designated as Tree 
Conservation Areas. Thus, any expansion from the current 
2,100 hectares of protected area as well as any increase in 
the number of Tree Conservation Areas from the current 2 
will be considered as increased efforts in conserving nature 
areas and trees. 
 
 
Which of the Two States Matter More to You? 
 
 
A Gain of 10 SGD 
every year 
 
 Reduction in Air Pollution 
A Pollutant Standards Index (PSI) value is calculated for 
each of the 5 major air pollutants: PM10, sulphur dioxide, 
ground-level ozone, carbon monoxide and nitrogen dioxide. 
The highest of the PSI values for the individual pollutants 
becomes the PSI value for that day. A PSI of 100 generally 
corresponds to the national air quality standard for the 
pollutant, which is the level ENV has set to protect public 
health. Thus, PSI values below 100 will be considered as a 
reduction in air pollution. 
 
 
Which of the Two States Matter More to You? 
 
 
Reduction in Water Pollution 
The volume of wastewater treated by the sewage treatment 
works has steadily increased since 1991. In 2000, the volume 
of wastewater treated was 489 million cubic metres. The main 
sources of such wastewater are domestic wastewater (which 
contains mainly suspended and dissolved organic pollutants) 
and industrial effluent (which contains chemical and organic 
pollutants). Therefore, any volume of wastewater less than 
489 million cubic metres will be considered as a reduction in 
water pollution. 
 





Which of the Two States Matter More to You? 
 
 
Reduction in Air Pollution 
A Pollutant Standards Index (PSI) value is calculated for each 
of the 5 major air pollutants: PM10, sulphur dioxide, ground-
level ozone, carbon monoxide and nitrogen dioxide. The 
highest of the PSI values for the individual pollutants 
becomes the PSI value for that day. A PSI of 100 generally 
corresponds to the national air quality standard for the 
pollutant, which is the level ENV has set to protect public 
health. Thus, PSI values below 100 will be considered as a 
reduction in air pollution. 
 






Which of the Two States Matter More to You? 
 
 
A Gain of 60 SGD 
every year 
 
 Increased Efforts in Conservation of Nature Areas and 
Trees  
The core of Singapore’s 19 Nature Areas is made up of the 
Nature Reserves in the Bukit Timah and Central Catchment 
Areas; here a full 2,100 hectares of forest enjoy legal 
protection from other development claims. In addition, 2 
areas in Singapore have been designated as Tree 
Conservation Areas. Thus, any expansion from the current 
2,100 hectares of protected area as well as any increase in 
the number of Tree Conservation Areas from the current 2 
will be considered as increased efforts in conserving nature 




Which of the Two States Matter More to You? 
 
 
Reduction in Solid and Toxic Industrial Wastes 
The daily average of solid wastes generated for 2000 
was 7,643 tonnes per day. In addition, 121,500 
tonnes of toxic industrial wastes were collected. 
Thus, a reduction in solid and toxic industrial wastes 
will be respectively taken as less than 7,643 tonnes 
per day and 121,500 tonnes per year. 
 






Which of the Two States Matter More to You? 
 
 
Increased Efforts in Conservation of Nature Areas 
and Trees  
The core of Singapore’s 19 Nature Areas is made up 
of the Nature Reserves in the Bukit Timah and Central 
Catchment Areas; here a full 2,100 hectares of forest 
enjoy legal protection from other development claims. 
In addition, 2 areas in Singapore have been designated 
as Tree Conservation Areas. Thus, any expansion from 
the current 2,100 hectares of protected area as well as 
any increase in the number of Tree Conservation 
Areas from the current 2 will be considered as 
increased efforts in conserving nature areas and trees. 
 





Which of the Two States Matter More to You? 
 
 
Reduction in Water Pollution 
The volume of wastewater treated by the sewage treatment 
works has steadily increased since 1991. In 2000, the volume 
of wastewater treated was 489 million cubic metres. The main 
sources of such wastewater are domestic wastewater (which 
contains mainly suspended and dissolved organic pollutants) 
and industrial effluent (which contains chemical and organic 
pollutants). Therefore, any volume of wastewater less than 
489 million cubic metres will be considered as a reduction in 
water pollution. 
 





Which of the Two States Matter More to You? 
 
 
A Gain of 100 SGD 
every year 
 
 Reduction in Air Pollution 
A Pollutant Standards Index (PSI) value is calculated for 
each of the 5 major air pollutants: PM10, sulphur dioxide, 
ground-level ozone, carbon monoxide and nitrogen dioxide. 
The highest of the PSI values for the individual pollutants 
becomes the PSI value for that day. A PSI of 100 generally 
corresponds to the national air quality standard for the 
pollutant, which is the level ENV has set to protect public 
health. Thus, PSI values below 100 will be considered as a 
reduction in air pollution. 
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Which of the Two States Matter More to You? 
 
 
A Gain of 250 SGD 
every year 
 
 Reduction in Water Pollution 
The volume of wastewater treated by the sewage treatment 
works has steadily increased since 1991. In 2000, the 
volume of wastewater treated was 489 million cubic 
metres. The main sources of such wastewater are domestic 
wastewater (which contains mainly suspended and 
dissolved organic pollutants) and industrial effluent (which 
contains chemical and organic pollutants). Therefore, any 
volume of wastewater less than 489 million cubic metres 




Which of the Two States Matter More to You? 
 
 
Reduction in Solid and Toxic Industrial Wastes 
The daily average of solid wastes generated for 2000 
was 7,643 tonnes per day. In addition, 121,500 
tonnes of toxic industrial wastes were collected. 
Thus, a reduction in solid and toxic industrial wastes 
will be respectively taken as less than 7,643 tonnes 
per day and 121,500 tonnes per year. 
 






Which of the Two States Matter More to You? 
 
 
Reduction in Water Pollution 
The volume of wastewater treated by the sewage treatment 
works has steadily increased since 1991. In 2000, the volume 
of wastewater treated was 489 million cubic metres. The main 
sources of such wastewater are domestic wastewater (which 
contains mainly suspended and dissolved organic pollutants) 
and industrial effluent (which contains chemical and organic 
pollutants). Therefore, any volume of wastewater less than 
489 million cubic metres will be considered as a reduction in 
water pollution. 
 








Which of the Two States Matter More to You? 
 
 
Increased Efforts in Conservation of Nature Areas 
and Trees  
The core of Singapore’s 19 Nature Areas is made up 
of the Nature Reserves in the Bukit Timah and Central 
Catchment Areas; here a full 2,100 hectares of forest 
enjoy legal protection from other development claims. 
In addition, 2 areas in Singapore have been designated 
as Tree Conservation Areas. Thus, any expansion from 
the current 2,100 hectares of protected area as well as 
any increase in the number of Tree Conservation 
Areas from the current 2 will be considered as 
increased efforts in conserving nature areas and trees. 
 






Which of the Two States Matter More to You? 
 
 
Reduction in Solid and Toxic Industrial Wastes 
The daily average of solid wastes generated for 2000 
was 7,643 tonnes per day. In addition, 121,500 
tonnes of toxic industrial wastes were collected. 
Thus, a reduction in solid and toxic industrial wastes 
will be respectively taken as less than 7,643 tonnes 
per day and 121,500 tonnes per year. 
 






Which of the Two States Matter More to You? 
 
 
A Gain of 250 SGD 
every year 
 
 Reduction in Solid and Toxic Industrial Wastes 
The daily average of solid wastes generated for 2000 
was 7,643 tonnes per day. In addition, 121,500 
tonnes of toxic industrial wastes were collected. 
Thus, a reduction in solid and toxic industrial wastes 
will be respectively taken as less than 7,643 tonnes 








PAIRED COMPARISON SURVEY FOR BANGKOK 
 
 
This survey consists of two parts – Part I and II. Please take up some time to 




Instructions for Part I: 
 
This part contains a total of 6 questions. Every question will be presented on a 
separate sheet of paper. You will be asked to compare between the pair of options in 
each question. The options contain descriptions of different states of environmental 
quality for different resources. You are reminded to read the pair of descriptions 
carefully before proceeding to make your choice. 
 
For each pair of options, choose the one that you feel matters more to you. You ought 
to make a choice between the pair of options even if you feel that both are of equal 






Some Information about Yourself 
 
 
         Age: _________________________ 
   Gender: _________________________ 
         Nationality: _________________________ 
        Occupation: _________________________ 
Monthly Income: _________________________ 








Which of the Two States Matter More to You? 
 
 
Reduction in Water Pollution 
The quality of water in the lower part of the 
Chao Phraya Rive (including Bangkok 
area) is ranked as Class 4 (low quality) 
which means ‘fairly clean water which 
requires special treatment before it can be 
used for domestic consumption’. Thus, 
water quality that is ranked above Class 4 
(i.e. Class 1, 2 & 3) will be considered as a 
reduction in water pollution. 
 Reduction in Air Pollution 
The mean of PM-10 at roadside 
stations is found to be 169 mg/m3. As 
such, Bangkok residents are faced with 
a 15 percent increase in the chances of 
contracting chronic inflammation 
respiratory diseases. Therefore, any 
level of PM-10 lower than 169 mg/m3 





Which of the Two States Matter More to You? 
 
 
Reduction in Noise Pollution 
During 1996-2000, 6 monitoring stations 
along the major roads recorded that 24-
hour average noise level exceeded the 
ambient noise level of the 70 dBA 
standard in which the median noise level 
is found to be 90 dBA. Hence, a 
reduction in noise pollution will be taken 
as any level of noise below the median 
noise level of 90 dBA. 
 Reduction in Solid and Hazardous 
Wastes 
In 2001, approximately 9173 tons/day 
of solid waste were generated. In 
addition, approximately 1 million ton 
of hazardous waste was generated in 
Bangkok in 2000. Thus, a reduction in 
solid and hazardous wastes will be 
respectively taken as less than 9173 




Which of the Two States Matter More to You? 
 
 
Reduction in Air Pollution 
The mean of PM-10 at roadside stations 
is found to be 169 mg/m3. As such, 
Bangkok residents are faced with a 15 
percent increase in the chances of 
contracting chronic inflammation 
respiratory diseases. Therefore, any 
level of PM-10 lower than 169 mg/m3 
will be considered as a reduction in air 
pollution. 
 Reduction in Noise Pollution 
During 1996-2000, 6 monitoring 
stations along the major roads recorded 
that 24-hour average noise level 
exceeded the ambient noise level of the 
70 dBA standard in which the median 
noise level is found to be 90 dBA. 
Hence, a reduction in noise pollution 
will be taken as any level of noise below 
the median noise level of 90 dBA. 
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Which of the Two States Matter More to You? 
 
 
Reduction in Air Pollution 
The mean of PM-10 at roadside stations 
is found to be 169 mg/m3. As such, 
Bangkok residents are faced with a 15 
percent increase in the chances of 
contracting chronic inflammation 
respiratory diseases. Therefore, any 
level of PM-10 lower than 169 mg/m3 
will be considered as a reduction in air 
pollution. 
 Reduction in Solid and Hazardous 
Wastes 
In 2001, approximately 9173 tons/day 
of solid waste were generated. In 
addition, approximately 1 million ton 
of hazardous waste was generated in 
Bangkok in 2000. Thus, a reduction in 
solid and hazardous wastes will be 
respectively taken as less than 9173 
tons/day and 1 million ton per year. 
 
 
Which of the Two States Matter More to You? 
 
 
Reduction in Water Pollution 
The quality of water in the lower part of 
the Chao Phraya Rive (including 
Bangkok area) is ranked as Class 4 
(low quality) which means ‘fairly clean 
water which requires special treatment 
before it can be used for domestic 
consumption’. Thus, water quality that 
is ranked above Class 4 (i.e. Class 1, 2 
& 3) will be considered as a reduction 
in water pollution. 
 Reduction in Noise Pollution 
During 1996-2000, 6 monitoring 
stations along the major roads 
recorded that 24-hour average noise 
level exceeded the ambient noise level 
of the 70 dBA standard in which the 
median noise level is found to be 90 
dBA. Hence, a reduction in noise 
pollution will be taken as any level of 




Which of the Two States Matter More to You? 
 
 
Reduction in Solid and Hazardous 
Wastes 
In 2001, approximately 9173 tons/day 
of solid waste were generated. In 
addition, approximately 1 million ton 
of hazardous waste was generated in 
Bangkok in 2000. Thus, a reduction in 
solid and hazardous wastes will be 
respectively taken as less than 9173 
tons/day and 1 million ton per year. 
 Reduction in Water Pollution 
The quality of water in the lower part of 
the Chao Phraya Rive (including 
Bangkok area) is ranked as Class 4 (low 
quality) which means ‘fairly clean water 
which requires special treatment before it 
can be used for domestic consumption’. 
Thus, water quality that is ranked above 
Class 4 (i.e. Class 1, 2 & 3) will be 





Instructions for Part II: 
 
This part contains a total of 20 questions. Every question will be presented on a 
separate sheet of paper. You will be asked to compare between the pair of options in 
each question. In each pair, one would be a reduction in environmental pollution 
while the other would be a monetary gain to you. You are reminded to read the pair 
of descriptions carefully before proceeding to make your choice. 
 
For each pair of options, choose the one that you feel matters more to you. You ought 
to make a choice between the pair of options even if you feel that both are of equal 





Which of the Two States Matter More to You? 
 
 
Reduction in Solid and Hazardous Wastes 
In 2001, approximately 9173 tons/day of solid waste were 
generated. In addition, approximately 1 million ton of 
hazardous waste was generated in Bangkok in 2000. Thus, 
a reduction in solid and hazardous wastes will be 
respectively taken as less than 9173 tons/day and 1 million 
ton per year. 
 





Which of the Two States Matter More to You? 
 
 
Reduction in Water Pollution 
The quality of water in the lower part of the Chao Phraya 
Rive (including Bangkok area) is ranked as Class 4 (low 
quality) which means ‘fairly clean water which requires 
special treatment before it can be used for domestic 
consumption’. Thus, water quality that is ranked above 
Class 4 (i.e. Class 1, 2 & 3) will be considered as a 
reduction in water pollution. 
 











Which of the Two States Matter More to You? 
 
 
Reduction in Air Pollution 
The mean of PM-10 at roadside stations is found to be 169 
mg/m3. As such, Bangkok residents are faced with a 15 
percent increase in the chances of contracting chronic 
inflammation respiratory diseases. Therefore, any level of 
PM-10 lower than 169 mg/m3 will be considered as a 
reduction in air pollution. 
 





Which of the Two States Matter More to You? 
 
 
A Gain of 550 Baht 
every year 
 
 Reduction in Solid and Hazardous Wastes 
In 2001, approximately 9173 tons/day of solid waste were 
generated. In addition, approximately 1 million ton of 
hazardous waste was generated in Bangkok in 2000. Thus, a 
reduction in solid and hazardous wastes will be respectively 
taken as less than 9173 tons/day and 1 million ton per year. 
 
 
Which of the Two States Matter More to You? 
 
 
Reduction in Air Pollution 
The mean of PM-10 at roadside stations is found to be 169 
mg/m3. As such, Bangkok residents are faced with a 15 
percent increase in the chances of contracting chronic 
inflammation respiratory diseases. Therefore, any level of 
PM-10 lower than 169 mg/m3 will be considered as a 
reduction in air pollution. 
 





Which of the Two States Matter More to You? 
 
 
A Gain of 500 Baht 
every year 
 
 Reduction in Solid and Hazardous Wastes 
In 2001, approximately 9173 tons/day of solid waste were 
generated. In addition, approximately 1 million ton of 
hazardous waste was generated in Bangkok in 2000. Thus, a 
reduction in solid and hazardous wastes will be respectively 




Which of the Two States Matter More to You? 
 
 
A Gain of 450 Baht 
every year 
 
 Reduction in Water Pollution 
The quality of water in the lower part of the Chao Phraya 
Rive (including Bangkok area) is ranked as Class 4 (low 
quality) which means ‘fairly clean water which requires 
special treatment before it can be used for domestic 
consumption’. Thus, water quality that is ranked above Class 




Which of the Two States Matter More to You? 
 
 
Reduction in Water Pollution 
The quality of water in the lower part of the Chao Phraya Rive 
(including Bangkok area) is ranked as Class 4 (low quality) 
which means ‘fairly clean water which requires special 
treatment before it can be used for domestic consumption’. 
Thus, water quality that is ranked above Class 4 (i.e. Class 1, 
2 & 3) will be considered as a reduction in water pollution. 
 





Which of the Two States Matter More to You? 
 
 
Reduction in Air Pollution 
The mean of PM-10 at roadside stations is found to be 169 
mg/m3. As such, Bangkok residents are faced with a 15 
percent increase in the chances of contracting chronic 
inflammation respiratory diseases. Therefore, any level of 
PM-10 lower than 169 mg/m3 will be considered as a 
reduction in air pollution. 
 





Which of the Two States Matter More to You? 
 
 
A Gain of 600 Baht 
every year 
 
 Reduction in Solid and Hazardous Wastes 
In 2001, approximately 9173 tons/day of solid waste were 
generated. In addition, approximately 1 million ton of 
hazardous waste was generated in Bangkok in 2000. Thus, a 
reduction in solid and hazardous wastes will be respectively 




Which of the Two States Matter More to You? 
 
 
Reduction in Air Pollution 
The mean of PM-10 at roadside stations is found to be 
169 mg/m3. As such, Bangkok residents are faced with 
a 15 percent increase in the chances of contracting 
chronic inflammation respiratory diseases. Therefore, 
any level of PM-10 lower than 169 mg/m3 will be 
considered as a reduction in air pollution. 
 






Which of the Two States Matter More to You? 
 
 
Reduction in Water Pollution 
The quality of water in the lower part of the Chao 
Phraya Rive (including Bangkok area) is ranked as 
Class 4 (low quality) which means ‘fairly clean water 
which requires special treatment before it can be used 
for domestic consumption’. Thus, water quality that is 
ranked above Class 4 (i.e. Class 1, 2 & 3) will be 
considered as a reduction in water pollution. 
 






Which of the Two States Matter More to You? 
 
 
Reduction in Solid and Hazardous Wastes 
In 2001, approximately 9173 tons/day of solid waste 
were generated. In addition, approximately 1 million 
ton of hazardous waste was generated in Bangkok in 
2000. Thus, a reduction in solid and hazardous wastes 
will be respectively taken as less than 9173 tons/day 
and 1 million ton per year. 
 













Which of the Two States Matter More to You? 
 
 
A Gain of 200 Baht 
every year 
 
 Reduction in Air Pollution 
The mean of PM-10 at roadside stations is found to be 169 
mg/m3. As such, Bangkok residents are faced with a 15 
percent increase in the chances of contracting chronic 
inflammation respiratory diseases. Therefore, any level of 
PM-10 lower than 169 mg/m3 will be considered as a 




Which of the Two States Matter More to You? 
 
 
A Gain of 400 Baht 
every year 
 
 Reduction in Water Pollution 
The quality of water in the lower part of the Chao Phraya 
Rive (including Bangkok area) is ranked as Class 4 (low 
quality) which means ‘fairly clean water which requires 
special treatment before it can be used for domestic 
consumption’. Thus, water quality that is ranked above 
Class 4 (i.e. Class 1, 2 & 3) will be considered as a 
reduction in water pollution. 
 
 
 
 
